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SESSION XXVIII, 1918-1914. 


Present : 


C. J. MACALISTER, M.D., F.R.C.P. 


Vice- Presidents : 


Pror. W. A. HERDMAN, D.Sc., F.R.S. 
JAMES JOHNSTONE, D.Sc. 
Hon. Creasurer : Hon. Hibrarian : 
W. J. HALLS. MAY ALLEN, B.A. 


Bon. Secretary: 
JOSEPH A. CLUBB, D.Sc. 


Council : 
HENRY C. BEASLEY. DOUGLAS LAURIE, M.A. 
G. ELLISON. Pror. B. MOORE, M.A., D.Sc. 
H. B. FANTHAM, D.Sc., B.A. Pror. R. NEWSTEAD, ER Ss. 
W. P. GOWLAND, D.Sc. J. H. OCONNELL. L.RB.C. Pr, 


W. T. HAYDON, F 


-L.S. MAY RATHBONE, (Miss). 


S. HENDERSON, M.D. WM. RIDDELL, M.A. 


Representative of Students’ Section ; 


Miss DUVALL, B.Sc. 


Vill - LIVERPOOL BIOLOGICAL SOCIETY. 


REPORT of the COUNCIL. 


Durine the Session 1913-14 there have been seven ordinary 
meetings and one field meeting of the Society. 

The communications made to the Society at the ordinary 
meetings have been representative of almost all branches of 
Biology, and the various exhibitions and demonstrations 
thereon have been of great interest. 

By invitation of the Council, Prof. R. A. 8. Macalister, 
M.A., F.S.A., of University College, Dublin, lectured before 
the Society, at the March Meeting, on “Clanmacnois, a 
University of Early Christian Ireland.” 

The Library continues to make satisfactory progress, and 
additional important exchanges have been arranged. 


The Treasurer’s statement and balance-sheet are appended. 
The members at present on the rcll are as follows :— 


Ordinary members... a i“ Bb: si 52 
Associate members .. sa oy ty: 8 
Student members, including Students’ Section, about 30 


Total sa oo 90 
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SUMMARY of PROCEEDINGS at the MEETINGS. 


The first meeting of the twenty-eighth session was held 
at the University, on Friday, October 10th, 1913. 


The President-elect (C. J. Macalister, M.D., F.R.C.P.) took 
the chair in the Zoology Theatre. 

1. The Report of the Council on the Session 1912-1913 (see 
“ Proceedings,” Vol. XXVII, p. vill.) was submitted and 
adopted. 

2. The Treasurer’s Balance Sheet for the Session 1912-1913 

(see ““ Proceedings,” Vol. XXVII, p. xvii) was submitted 
and. approved. 

3. The following Office-bearers and Council for the ensuing 
Session were elected :—Vice-Presidents, Prof. Herdman, 
D.Sec., F.R.S., and James Johnstone, D.Sc.; Hon. 
Treasurer, W. J. Halls; Hon. Librarian, May Allen, 
ibe >, Hon. Secretary, Joseph A. Clubb,. D.Sc. ; 
Council, H. C. Beasley, G. Ellison, H. B. Fantham, 
iece, ba, W. P. Gowland, D.Sc.,; W. T. Haydon, 
F¥.L.S., 8. Henderson, M.D., Douglas Laurie, M.A., 
Prof. B. Moore, M.A., D.Sc., J. H. O’Connell, L.R.C.P., 
Prof. Newstead, M.Sc., F.R.S., May Rathbone (Miss), 

W. Riddell, M.A. 

4. Dr. C. J. Macalister, F.R.C.P., delivered the Presidential 
Address on “Some relationships between Education 
and Co-ordination of Function” (see “‘ Transactions,” 
p- 3). A vote of thanks was carried with acclamation. 

The second meeting of the twenty-eighth session was held 
at the University, on Friday, November 14th, 1913. The 

President in the chair. 


x LIVERPOOL BIOLOGICAL SOCIETY. 


1. Prof. Herdman submitted the Annual Report on the work 

| of the Liverpool Marine Biology Committee and the 
Port Erin Biological Station, and included an interesting 
account of a biological cruise off the West Coast of 
Scotland (see “ Transactions,”’ p. 23). 


The third meeting of the twenty-eighth session was held 
at the University, on Friday, December 12th, 1913. The 
Vice-President (Dr. Johnstone) in the chair. 


1. Mr. J. Erik Hamilton read a paper on the Whaling Station 
at Blackrod Bay, West of Ireland, with a description of 
the species of Whales brought to the station. 


The fourth meeting of the twenty-eighth session was held 
at the University, on Friday, January 23rd, 1914. 

This was a joint meeting with the Students’ Society. 

Miss Duval (President Students’ Society) in the chair. 


1. Prof. Moore lectured on “ Photosynthesis ” to a large and 
appreciative audience. 


The fifth meeting of the twenty-eighth session was held 
at the University, on Friday, February 13th, 1914. The 
President in the chair. 


1. Mr. Riddell, M.A., communicated the Annual Report of 
the Investigations carried on during 1913 in connection 
with the Lancashire Sea Fisheries Committee (see 
‘Transactions,’ p. 91). 


2. Dr. Alfred Holt submitted a paper on “‘ The Purple Pigment 


p) 


obtained from certain Marine Organisms,” an account 
of analytical research on the Gastropod Purpura lapillus 


and the Ascidian Diazona. 
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The sixth meeting of the twenty-eighth session was held 
at the University, on Friday, March 13th, 1914. The President 
in the chair. 


1. Prof. R. A. 8. Macalister, M.A., F.8.A., of University 
College, Dublin, lectured before the Society on the 
invitation of the Council, on “* Clanmacnois, a University 
of Karly Christian Ireland.” On the motion of Prof. 
Bosanquet, seconded by Dr. Caton, a vote of thanks 
was accorded to the lecturer. 


The seventh meeting of the twenty-eighth session was 
held at the University, on Friday, May 8th, 1914. The 
President in the chair. 

1. The L.M.B.C. Memoir on “The Echinoderm Larvae of 
Port Erin,” by H. C. Chadwick, A.L.S., was submitted. 


2. Prof. Herdman gave a description of newly discovered 
Antiquities from the Isle of Man. 


The eighth meeting of the twenty-eighth session was the 
Annual Field Meeting held at Heswall, on Saturday, June 12th. 
The Society inspected the Royal Liverpool County Hospital 
for Children, on the invitation and under the guidance of 
Dr. Macalister. Demonstrations were given from actual 
patients of the very satisfactory results obtained, and the 
visit was of great interest. At the short business meeting held 
after tea, on the motion of the President from the chair, 
Prof. J. W. W. Stephens, M.D., D.P.H., was unanimously 
elected President for the ensuing session. 
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SOME RELATIONSHIPS BETWEEN EDUCATION AND 
CO-ORDINATION OF FUNCTION. 


By CHARLES J. MACALISTER, M.D., F.R.C.P., 
PRESIDENT. 


[Delivered October 10th, 1913.] 


LADIES AND GENTLEMEN.—In the days when Professor 
Herdman and I worked together in the practical laboratories 
of the University of Edinburgh we used to regard Biology and 
Natural History as being practically synonymous terms, and in 
the classes we dealt rather with the morphological, histological 
and physiological characteristics of a series of types of animals 
and plants than with problems of life itself. 

- Now Biology has a very different significance. The word 
may be said to represent a hub round which there are grouped 
many branches of work, for there is not a single point connected 
either with the structure or constitution, or with the functions 
of living matter or of living beings, which does not involve 
considerations which come into the category of the biological 
sciences. 

Not only, therefore, must we include among biologists the 
zoologist and botanist, the physiologist and the bio-chemist, but 
also workers in every region of knowledge which can throw light 
upon matters appertaining to life; among these regions comes 
medicine with its special branches and its allied sciences, and 
the physician, endeavouring to explain deviations from the 
normal and to rectify these deviations on rational therapeutic 
lines, may, I venture to think, fairly claim a place in the 
brotherhood. I presume that it is a recognition of this claim 
which has prompted you, not for the first time, to invite a 
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member of that profession to occupy the presidential chair of 
your Society during the session which we are now inaugurating, 
and this is an honour which, I assure you, I greatly appreciate, 
and for which you have my sincere thanks. 

It may at first sight appear somewhat strange to choose 
anything which has to do with education for the subject of my 
address this evening, but if we bring to mind the fact that 
knowledge can only be conceived of in association with life and 
in relation to the living apparatus or being which contains it or 
is capable of containing it, I think you will agree that there are 
some biological points connected with education which may be 
worthy of consideration. 

Knowledge and ignorance, although abstract subjects 
which are not measurable, have yet the peculiarity that they 
have a kind of quantitative relationship to one another; for 
instance, a totally untaught being which is quite ignorant has 
that ignorance lessened and its place taken by knowledge when 
it learns something. Ignorance, therefore, like knowledge, has 
its relationships with life, and we have perhaps as much reason 
to speak of the amount of ignorance possessed by a living 
creature as we have to estimate the amount of its knowledge. 

By the living creature I do not necessarily mean a human 
creature. A tree or a plant is just as much alive as a man is, 
but according to the present state of our wisdom it possesses a 
vast amount of ignorance and it has no capability of acquiring 
knowledge. 

When we consider other forms of life, such as the bee or 
ant, or the bird or fish, or the dog, we recognise that each has 
some kind or kinds of knowledge, and as we climb up the scale 
we are driven to the conclusion that every class of animal has 
knowledge within certain limitations, depending upon the state 
of development of its apparatus for knowing, which is generally 
proportionate to its requirements. 

When we come to the human being it is abundantly evident 
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that every kind of the genus “Homo” has not the same 
capacity for education, and even among members of the same 
families of men there are great variations so far as these 
possibilities are concerned. Manifestly then, as in the case of 
the lower classes of animals, human beings present varying 
capacities of understanding, so that, as the old students of 


metaphysic would have put it, we may say that there is 


knowledge of which some individuals are incapable and it is 
possible that there is knowledge of which most, if not all, may 
be incapable. 

Knowledge, then, is an attribute of life, and in the case of 
the human being we have the very highest organisation for its 
inception, storage and utilisation ; but that organisation is 
subject to variations in its qualities, and I want to try and 
suggest how these qualities may be modified through varying 
influences, and how education, in its restricted or scholastic 
sense, not only advances the possession of intellectual and 
physical acquirements, but also when properly employed may 
have a therapeutic value. 

When a child is born, the functions which mainly concern 
it are those which have to do with its nutrition. It feeds, it 
sleeps, and it has lusty powers of signalling with its lungs and 
voice when its tissues, having burnt up the supply of fuel, 
demand more. It has little, if any intelligence, and no know- 
ledge beyond the instinctive. It immediately proceeds to grow 
at a great pace, and before many weeks have passed some signs 
of intelligence begin to show. Its ignorance becomes replaced 
by a very little knowledge which is gained through its senses ; 
in fact, its education has commenced, and as time goes on its 
development and growth and knowledge increase in relation to 
one another, until at last, when the period of childhood comes 
and with it the further development of the higher faculties, 
education takes place rapidly through the channels of every 
sense and the hitherto ignorant centres become invaded by a 
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great variety of knowledge and impressions. This invasion 
progresses with such rapidity that almost every child is regarded 
by its parents and those about it as being precocious, simply 
because they observe how quickly the understanding, the powers 
of attention and at last those of speaking, of memorising and of 
reading and writing, in fact all the powers of reception and of 
representation, become acquired. The child’s chatter, its 

imagination and faculty for romance are all the outcome of its 
~ rapidly developing intelligence, through the medium of which 
knowledge becomes distributed to the various centres whose 
functions come to be unified and co-ordinated, and to work 
harmoniously together. 

This co-relation of function is so essential for the effective- 
ness of education that I trust you will pardon me for saying a 
few words concerning it, by way of emphasising its importance, 
even although I reiterate some old and well-known facts. 
Many of the diseases of the invalid child which interfere with its 
education involve an upsetting of the balance of the normal 
co-relations of function, and we can learn a great deal about 
co-ordination by observing these effects of its disorders. The 
quality of a child’s intelligence often appears to become 
depreciated when it is suffering from a chronic disease, and we 
frequently note how greatly it improves when the disease itself 
is attended to. The education of the child and of its cerebral 
centres is under these circumstances interfered with, not 
necessarily because its intelligence or capacity for knowing is 
actually deficient, but through the mental or nervous deviation 
which is brought about by the disease from which it may be 
suffering, and the releasing of this energy no doubt leads to a 
restoration of the nervous balance and enables the intelligence 
to resume its normal distributive functions, the intelligence 
being essential for the proper teaching of some of the various 
centres which co-operate one with another. We all know that 
people with low types of intelligence are only fitted for the lower 
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types of work—they have less fineness of movement and of 
touch, and are only capable of the coarser employments. 
Their powers of co-ordination are inferior because the centres 
are less taught. There are many conditions of disease and of 
abnormality which throw light upon the inter-relationship 
which exists between the intelligence and the proper activity of 
some of the cerebral centres, indicating that these may remain 
inco-ordinate simply because they have not been taught to 
functionate. Take, for instance, some of those varieties of 
mental deficiency in young children whose motor centres may be 
quite developed and potentially active, but they are unable to 
use them. They cannot walk, often they cannot hold their 
heads up, and they cannot talk, not because they are unable 
to move their limbs—they do this in an aimless kind of way, 
and they utter incoherent sounds. Muscularly they may be 
very strong. All the sensory channels of education may be 
open, but their lack of intelligence or of capagity for knowing 
has rendered them unable to learn to use their centres and to 
make the movements effective, with the result that there is 
movement without co-ordination. 


Illustrative case shown :— 


H. W.—Aged 4. Appeared to be a perfectly bright child until about 
eighteen months old, when he had an attack of meningitis. Ever since then 
his intelligence centres have been deficient. He understands what is said to 
him, and will sometimes perform actions of response. He is very strong in 
the arms and legs, kicks about vigorously, but is absolutely without power of 
co-ordination. Show him a toy, he laughs at it and makes aimless move- 
ments with his hands, but has no power of co-ordination to take hold of it. 


We have another striking example of the fact that in- 
dividual centres require to be taught to functionate, in the case 
of the deaf-mute, whose perfectly-developed centres for speech 
remain inactive because the sense of hearing, through which 
they normally become educated, is absent. Deaf-mutes have 
often plenty of intelligence, but never having heard, they are 
practically ignorant of the existence of sound, and they will 
explain to you that they cannot imagine what sound is like 
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So far as their brains are concerned they have all the potentiali- 
ties for speech and hearing, but the centres connected with these 
functions remain inert, merely because untaught. They do 
not often attain to the same standard of education as normal 
people, because one of the principal channels of education is 
entirely cut off, and all the knowledge which they acquire comes 
through the visual and other remaining sense-organs. Their 
intelligence, however, enables them to bring other centres not 
usually employed for the purposes of inter-communication and 
of expressing ideas, abstract and concrete, into a condition of 
co-ordination, and without any necessary scholastic teaching 
they automatically learn to communicate with each other and 
with the outside world by means of that wonderful language of 
signs through which the lights and shades of speech are alone 
possible to them and such poetry as they possess is given 
expression to. This co-opted language of signs, though not 
taught in the schools, is handed down from generation to 
generation of the deaf and dumb and is practically universal, 
being understood by them all the world over. We had a 
striking example of this fact some years ago when an Armenian 
missionary gave an address to the deaf and dumb in this city. 
He could speak no English and his Armenian thoughts were 
entirely expressed in signs. The deaf members of his audience 
closely followed all that he had to say, and the address was 
spoken in English by an interpreter of the signs who, of course, 
had no knowledge of the Armenian tongue. This universality 
of the sign language was recognised by a Scotch schoolmaster 
in Oxford, called Dalgarno, in the early part of the 17th century 
(1626-87), and he wrote a book in 1664, entitled “ Ars Signorum, 
Vulgo Character Universalis,’ suggesting that it might be 
employed as a universal language for the hearing as well as for 
the deaf. 

We do not know whether the speech and hearing centres of 
the deaf-mute fail to develop thoroughly because they are 
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unused ; it would seem likely, but we do know that if the sense 
of hearing is restored, even after many years, they are capable 
of being educated. There are not many instances recorded 
where people, either born deaf or becoming so at an early age, 
have regained their powers of hearing, but such as there are 
have been instructive in so much that they serve to demonstrate 
that a long period elapses between the time of recovery and the 
possibility of differentiating sounds and of using spoken 
language. One of these histories is related in the well-known 
story of the son of Croesus, who.was a deaf-mute, and his father, 
as a rich man surely would do, sought every means for his 
relief. Among other measures he consulted the Oracle at 
Delphi; the Pythian, however, advised him to let things alone 
and warned him that on the day that the boy spoke misfortune 
would come to the kingdom, and the warning seems to have 
been fulfilled, for when the fortifications of Sardis were taken, 
a Persian, not knowing Croesus, was about to slay him, and he, 
not caring to survive his misfortunes, would have met the stroke 
of death, but his hitherto speechless son, moved with fear and 
agony, cried out, ‘‘ Man, kill not Croesus.”’ These were his 
first words, and from that time forward he continued to speak. 
It is presumed that the boy must have recovered his hearing 
and have understood language for some time previous to this 
event and that he spoke for the first time under the influence 
of strong emotion. 

In 1703 the son of a tradesman of Chartres, who had been 
deaf and dumb up to his twenty-fourth year, heard for the first 
time on the occasion of the ringing of the bells of the town one 
cloudy day, this being the prevalent custom to dispel a storm. 
Sounds were a great mystery to him for a long time, but in the 
course of several months he came to understand language and 
eventually became able to speak himself. 

Another similar kind of case was that of one David Fraser 
who was born deaf and remained mute till his seventeenth year, 
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when he quite suddenly recovered his sense of hearing. He was 
very alarmed when he first heard sound, but as in the former 
case his centres for hearmg and speech subsequently became 
educated. Asin all ofthese cases he became able to understand 
language long before he was capable of using it, this correspond- 
ing with what is well recognised to be the case in the healthy 
child. Long before a normal baby can put together a few 
words, it has a considerable understanding of what is said to it. 
It may, indeed, have a good deal of knowledge concerning 
language, but remains ignorant concerning the co-related ability 
to use it, and we have that curious coincidence of knowledge 
and ignorance; a physiological inco-ordination, which is a 
prototype of many forms of functional disturbances which are 
capable of being righted by suitable educational measures. 
The instances which I have quoted serve to exemplify how 
anything which causes an alteration in the intelligence or in the 
capacity for knowing, may upset the balance of function, and 
I again want to refer to the fact that this capacity is apt to 
become lessened by the diversion of nervous energy by diseased 
conditions in parts other than the brain. A patient who has a 
crippling disorder often becomes hipped and to a certain extent 
introspective as a result of it, and there is no doubt that an 
educational appeal to his intelligence may have a hastening 
effect upon the recovery from the disease. 

Speaking of physiological inco-ordination reminds one that 
there is in most people a normal want of balance, insomuch 
that the two sides of the body seldom possess the same amount 
of strength or fineness of function—most of us being right- 
handed. There is a strong side and a weak side, and this does 
not apply only to physical strength and dexterity, for it has a 
bearing upon vitality and upon susceptibility to deformity and 
disease. Most deformities, such as club-foot and other mal- 
formations are on the left side, and so are a large number of 
acquired diseases such as those of the lungs. For instance, 
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I have at the present moment at the Royal Country Hospital 
for Children, at Heswall, half a dozen cases of an infective 
disease of the lungs giving rise to its fibrosis and contraction, 
and in every one of them the left lung is alone involved. 

It is difficult to explain this greater vitality and strength 
of the right side. Some say it is due to its having a more direct 
blood supply—others that it is a purely hereditary matter, owing 
to the greater use of the right arm through long generations 
The fortunate thing is that there is uniformity in the difference, 
otherwise it would lead to a great deal of inconvenience in the 

way of using tools, and in education in the technical arts. 

I have said that the blood supply to the right limbs is 
more direct than it is to the left, but it has to be remembered 
that the supply to the right side of the brain is also more direct 
than it is to the left side, which rather annuls that theory. 
Whatever may be the explanation, it is an interesting fact 
which may possibly have a bearing upon certain abnormalities 
of co-ordination. By way of illustrating this, I show you a 
left-handed boy who has a very bad stammer, and one specu- 
lates as to whether this marked inco-ordination may be related 
in some way to the left-sided cerebral speech centres being 
unbalanced through the stronger right-sided development in the 
brain. You will observe how, when this boy speaks, there are 
jerking movements of the right arm and leg indicating an upset 
of other motor centres besides those of speech. 


Illustrative case shown :— 

W. M.—Example of bad stammering in a left-handed boy. Note how 
his right side twitches when he speaks, indicating a complete want of 
co-ordinated control, as though his energy expended in overcoming the want 
of balance all comes from the left motor centres. Speculate whether 
stammering in right-handed people may not be due to some altered co- 
ordinative relationships between the two sides of the brain. ‘lhis is probably 
due to a structural defect and is quite often hereditary. 


Left-handedness varies greatly in degree. Of the boys at 
Grafton Street Industrial School about 6 per cent. are affected, 
some pronouncedly so, others being merely ambidextrous. 
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The impression that a difference in nutrition has something to 
do with the matter is favoured by there being often a noticeable 
hemi-atrophia on the weaker (right) side, and the hair on the 
limbs and chest is sometimes rather more abundant or more 
marked on the left than on the right. 

Among deaf-mute children we get no stammering that I am 
aware of, but quite a number of them (about 74 per cent. in the 
School for the Deaf and Dumb) are left-handed and spell and 
sign with the left hand on the right instead of the right hand on 
the left as is usually the case. These are all taught to write 
with the right hand and they do this excellently, but 
occasionally they have a peculiar type of ambidexterity, and 
are known as mirror-writers, because they can write with the 
left hand from right to left, and will read such writing as quickly 
and accurately as you and I can do it in the ordinary way. 
They are called mirror-writers because to read their left-handed 
writing we require to hold the paper or slate before a looking 
elass. 

These children seem to be able to see things the wrong way 
round without being educated to do so, and they illustrate 
another form of unusual bilateral co-ordination. [Several deaf 
children shown to illustrate this 
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and dumb “ mirror-writer ’ 
condition. | © 

There are some other cases which we meet with in the 
hospitals which throw light on the way in which normal 
bilateral co-ordination is maintained. It is well known, for 
instance, that when the eyes are moved from side to side, or in 
any given direction the relationship of their axes to one another 
remains the same, excepting in cases of general enfeeblement in 


children, when the eyes may act to a certain extent independ- 


ently of one another. But suppose that something happens to 
weaken one of the ocular muscles, say the right external rectus, 
so that when the patient is asked to look to the right there is 


difficulty or inability to turn the eye in that direction. Ask 


—— 


a 


EDUCATION AND CO-ORDINATION OF FUNCTION. 18 


him to follow your finger with his eyes from left to right and it 
will be noted that the eyes will remain in the same axes until 
the point is reached when the weakened muscle fails to contract, 
then, as the finger travels to the right, the left eve will overshoot 
the mark and look beyond the finger. This is due to the fact 
that under usual circumstances there is an equal distribution of 
energy sent into the co-ordinating muscles of the two eyes, but 
whenever the point is reached where the weakened muscle 
would come into action there is an immediate though un- 
conscious access of energy distributed to both eyes, ineffective 
so far as the faulty one is concerned, but causing its fellow to 
receive so much that it travels too far. We see the same kind 
of thing occasionally in cases of long-continued muscular spasm 
which causes distortion of a foot. After the surgeon has 
corrected the deformities, either by tendon or muscle trans- 
plantation, or by simple shortening or lengthening, the effort 
to use the newly-corrected limb sometimes causes a temporary 
spasmodic deformity in its fellow, owing to an excess of energy 
reaching the corresponding muscle. In both of these cases 
education generally leads to recovery of function. In the case 
of the squinting eye, the altered axes at first give rise to double 
vision and other symptoms, which disappear as parts of the 
retina not accustomed to act in concert learn to do so. In the 
case of the limb, a transplanted muscle learns to take on a 
function for which it was not originally intended and concerted 
action becomes re-established ; were it not so, many of the 
operations of this type for correction of deformity would be 
unavailing. There is no difficulty in finding a variety of other 
well-known types of disorder to illustrate the point that 
conditions which promote the diversion of an unusual amount of 
nerve energy in some given direction cause an upset in the 
co-ordinative balance. We see it in some of the so-called habit 
spasms. I saw a boy some years ago who was a source of great 
anxiety to his people, and oneof great interest to the inhabitants 
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of the little town in which he resided, on account of his habit of 
dancing along the street. Instead of walking normally, he 
progressed with a skipping action, varied every dozen paces or 
so by a complete rotation. There were constant twitchings of 
his face and one shoulder and he had become stupid intel- 
lectually. All of these were inco-ordinate conditions and were 
traced to eye strain. He had been a great reader, and the 
trouble immediately ceased on paralysing his accommodation 
with atropine and so relieving the abnormal distribution of his 
nervous energy. 

Hitherto I have spoken, in a somewhat general way, of the 
dependence of the centres upon an integrity of the channels 
through which knowledge is usually taken in, and upon the - 
quality of the intelligence or capability of knowing, for their 
education. There is another element, however, which has to 
be appreciated, and without which absolute morphological or 
anatomical perfection is unavailing. I refer to the chemical 
side of the question, which is of the greatest importance in 
relation to the health of every function in life. 

Life itself consists of an mnumerable series of chemical 
reactions which are constantly taking place; we may say in 
broad terms that practically every function of which the organs 
are capable, depends upon some form of chemical change for its 
healthy performance. The physiologist or bio-chemist no longer 
contents himself by making observations regarding the micro- 
scopic characters of cells and their nuclei—he regards structure 
only in relationship to function, the chemistry of the cell 
contents, and of the fluids which surround the cells, bemg 
matters which largely concern him. The work which has 
already been accomplished in this direction has shown that the 
chemical reactions in the cell are very numerous, and so constant 
withal that bio-chemistry is practically being brought within 
the realms of the exact sciences. I have no intention of 
entering into any of these cytological problems—indeed my 
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knowledge of them is very limited, but from a physician’s point 
of view the recognition that health depends upon a perfect 
co-ordination of the chemical processes in the cells of which 
the various organs are composed is one of the greatest moment. 
In the old days it was known that certain drugs, given even in 
minute quantities, produced wonderful therapeutic results, and 
they were called sedatives, or stimulants, or alteratives, or some 
other name indicating, not the true pharmacological action, but 
their clinical effects. Now, the inter-relationship which exists 
between the plant and the animal is placing a new complexion 
upon some forms of therapeutic actions which are known to be 
in the direction of restoring the chemical inco-ordinations which 
express themselves in disease. The same principle holds good 
in the administration of the internal secretions and of extracts 
of organs of various kinds, which contain some of the chemical 
substances necessary for healthy metabolism. 

In childhood these metabolic changes are very active. The 
tissues are growing, organs are developing, the intelligence and 
all the functions of cerebration are advancing, and the amount 
of chemical change going on in the body must be enormous. 
In addition to the general daily routine of metabolism, if one 
may so speak of it, there are periodical or cyclical or climacteric 
periods, all of which involve a change of chemistry to meet the 
requirements of the developing organs, and we can hardly feel 
surprised that in this period of life many of the diseases are 
related to cellular instability, due to faults in chemistry—in 
other words there is inco-ordination of chemical function. 
Many of the neuroses and psychoses of childhood are related to 
this kind of change, and symptomatically they express them- 
selves in some of those diseases of inco-ordination, such as the 
climacteric chorea, so common at puberty, and which often has 
mental symptoms attached to it. Want of brightness in school 
children is frequently due to these chemical disorders, and by 
giving attention to their metabolic wants, it is possible some: 
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times to brighten them up and prevent the necessity for their 
being sent to special schools. Backwardness has to be sharply 
distinguished from idiocy or mental defect ; the one is due to 
chemical faults, the other very generally is related to altered 
structure. Children are more or less like plants, insomuch that 
if the soil in which their cells grow is unsuited for them, or if it 
contains anything which tends to damage them, stunted growth, 
stunted intellect and stunted function result, and stupidity in 
school should lead to a careful enquiry as to its cause, which, 
if a nutritive or chemical one, can often be dealt with and 
rectified. Simple backwardness often dates from a very early 
period of the child’s life. It means slowness of development, 
so that the child is to be regarded as being really considerably 
- younger than its years, and consequently it 1s m every respect 
below standard. It is commoner among children of the poor 
and among the neglected than among the better to do, and 
consequently in industrial schools we see a good deal of it. 
It accounts, for instance, for some of the large number of cases 
of incontinence of urine and kindred troubles, which are so 
common in these schools, conditions which are not infrequently 
speedily cured by attending to the child’s faulty chemistry. 

I need not go into details regarding the clinical features of 
these backward cases—how they do not learn to speak perhaps 
until their fifth or sixth year, how the intestinal functions remain 
infantile, how the lengths of the limbs remain like those of 
younger children and so forth, but by way of emphasising 
the general slowness of the nervous system which is apt to 
characterise them, I show you two little girls, each aged four 
years. One of them is normal so far as her nerves and mental 
condition are concerned ;_ she is bright, alert, every muscular 
movement sharp and her arms and legs normal in length. She 
is active and hardly still for a moment, her energies always 
seeking an outlet in some kind of movement or another. The 
other is a backward child; she is passive in character and 
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slow in her movements. If you place her arms or legs or head 
in any position you please, she will allow them to remain so 
almost indefinitely, so that she is like a little lay figure. When 
she came to us at Heswall three months ago she could not speak, 
and she was more like a child of eighteen months than one 
of four years of age. Like so many of these cases, she has 
developed rapidly and has grown much under the influence of 
thyroid gland substance, and now she is beginning to talk and 
to play and to take an interest in her surroundings and toys, 
but as you see, her muscular slowness or stupidity still remains. 
Experience teaches us, however, that this will clear up and that 
she will in time become a normal child. 


Illustrative case shown :— 


I. H.—Aged 7. About four years ago he had scarlet fever and ever 
since then he has been incapable of education. He cannot learn his alphabet, 
but he can count up to thirty. He cannot write either letters or figures, 
but he has a good idea of drawing ; for instance, if asked to draw a house, 
he does it slowly, but surely. He is infantile—his arms do not come down 
to the iliac crests. 


I also show you a child of nine years who presents features 
of considerable interest. 


Illustrative case shown :— 


B. C.—Aged 9. ‘This interesting little girl is well nourished, and is well 
up to the standard of height, being 4 ft. 2 in. (average for girls 4 ft. 1 in.), 
her weight is 4st. 3lbs. (average 3st. 1341bs.). Notwithstanding this she 
was a backward child and up to the age of four years could neither walk or 
talk properly, nor help herself. Her parents could only understand a few 
words such as a baby of eighteen months or so would be able to say, and she 
had to be dressed like an infant of six months old. Up to a few weeks ago 
her speech remained very indifferent, and she still played like a little girl ‘of 
about four years of age. During the past year or two her motor centres 
have become educated, and she has grown into a big, strong child. Her 
intelligence, however, is very slow—she speaks imperfectly, she understands 
imperfectly and she still remains very dependent upon her mother for assis- 
tance in dressing, washing, &c. She cannot remember the names of common 
objects, and asked to perform some stated action she cannot do it, e.g.,asked 
to bring a flower or a doll from a chair at the other end of my room, she could 
not grasp what was meant. About five weeks ago I started giving her 
thyroid, with the result that a most remarkable brightening of her intelligence 
has taken place. She is already understanding better, and her memory is 
improved—she responds much more quickly when requested to do things. 
She is an example of a chemical inco-ordination and in all probability will 
improve immensely under treatment and become capable of education, 
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These cases are not like cretins which require to have 
thyroid substance (for instance) given them all their lives, for 
whenever the developmental processes are roused and the 
general nutritive conditions attended to, things generally go on 
normally without further need for interference. They illustrate 
how a chemical inco-ordination may be dealt with and corrected 
and how the mental acumen and capacity for education become 
rapidly improved as development advances. There are many 
orades of these cases to be found among older children, and there 
is not the slightest use in trying to educate them until the 
cellular chemistry and environment has been put to rights. 
The surgeon corrects deformity of limb and muscle by 
mechanical orthopoedics, but these cases constitute a chemical 
deformity and their successful treatment depends upon a 
chemical orthopoedics carried out on the lines concerning which 
I have spoken. 

While dwelling upon this subject one is much tempted to 
wander into paths of speculation concerning the effects of over- 
stimulation or over-education in the way of perverting normal 
function and normal character. These chemical problems have 
a far-reaching importance and certainly have much to do with 
the stamping of character. In the child the chemistry is the 
chemistry of a child, and it differs entirely from that of the 
man or woman into which it subsequently develops. Set the 
chemistry going of the dull, apathetic, backward, ill-crown 
child by augmenting the supply of some deficient substance, 
necessary for the stimulation of the metabolism of its tissues, 
and you convert it into a bright, cheerful, playful and normally 
growing being, which goes on developing after the treatment 
is stopped. The tissues learn the trick, so to speak, and 
apparently themselves promote the reactions which provide for 
their metabolism. So in the adult—some stimulus may give 
rise to a progressive change in function or character which was 
lying dormant. We know something about the action of the 
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hormones which pull the trigger and set a secretive or perhaps 
an involuntary muscular function going, and we recognise their 
chemical nature; we also know that suggestion will promote 
the activity of glands, and that these chemical processes may be 
inaugurated through a mental stimulus. In another paper I 
have indicated my conceptions of the relationships which exist 
between certain psychoses and neuroses and the climacteric 
periods of life, and how they depend upon chemical inco-ordina- 
tions, due to the over-production of some secretion on the 
one hand or its under-production (relative or actual) or per- 
version on the other. It also seems possible that in a healthy 
person the over-stimulation of some one function may lead to 
its acting in a disproportionate way owing to the establishment 
of a disproportionate chemistry, a state of affairs perhaps 
accounting for obsessions of various kinds, which may be very 
hard to control. The influence of the mind upon these chemical 
phenomena should not be forgotten ; it quite possibly accounts 
for many acquired characteristics, for mannishness in women, 
and one might even suggest for the psychic conditions which 
are associated with militancy, and for a number of other 
qualities and characteristics in both sexes. It is quite con- 
ceivable that in many of the so-called functional diseases, which 
express themselves through the nervous system, the upset of 
co-ordination is essentially the result of a disorganised cellular 
or secretive chemistry, and to this extent they may be more 
organic in their nature than is commonly supposed, and they 
form a group concerning which the bio-chemist will, I have no 
doubt, be able to enlighten us in days to come, when the 
_ problems which have to do with cell stability are better under- 
stood. In education and environment we have, then, valuable 
and powerful forces, capable of influencing what are really 
organic functions, but in utilising these forces, while recognising 
that there are average standards of intelligence at varying ages 
among school children, which enable us to group them, we have 
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also to bear in mind that the essential to knowledge being the 
individual, i.e., the person or self and his or her capabilities, 
we must regard many children individually, there being 
numerous instances of idiosyneracy of intellect, or where some 
special circumstance, such as the presence of a disease or of a 
physical disability, makes it necessary for us to vary our methods 
of inculcating knowledge. 

It is in connection with these latter, the invalid children, 
that in conclusion I shall say a few words. Some years ago, 
had my opinion been asked as to whether it was wise or not to 


attempt to associate the systematic education of invalid | 


children with their medical or surgical treatment, I should have 
said “‘ no,’ on the ground that it was better to conserve energy 
for the processes of repair. Experience, however, has proved 
that instead of hindering our work as medical men, education 
has a certain therapeutic value. A good deal of attention is 
paid to the sick child, and the greater part of its time, whether 
in the hospital or at home, is spent in an atmosphere which 


directs its thoughts to itself and its troubles. The visits of the © 


medical men, the attentions of the nurses, the efforts to amuse 
and to pass the time all serve to remind the child that it is not 
as other children are. Suffering from a more or less chronic 
ailment, there is nothing worse for it than to be deprived of 
some of the daily occupations which other children have. We 
constantly observe among these cases that whenever pain is 
relieved or some local disability, even quite a painless one, is 
corrected, an immediate brightening up of the intelligence 
begins to occur. Take for example, a child suffering from 
spastic paralysis in its legs ; it has not walked perhaps for years, 


and it often has the appearance of being mentally deficient. 


When the surgeon corrects the spastic condition and enables the 
patient to get on to its legs and to learn to use them, the 
intelligence improves and approximates more nearly to the 
normal, because the deflected and inco-ordinated nervous 
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energy is released, as I have previously explained; and the 
giving of the child something to do, not only in the way of 
learning to walk, but also in the way of manual occupation and 
other objective education, further stimulates its intelligence, 
and leads to control of co-ordination of the various centres. 
Such a case furnishes a single example of which many other 
types are familiar to us. 


Illustrative case shown :— 


F. M.—Aged 5. A case of spastic paralysis. The child was practically 
an imbecile until two years ago—i.e., when she was three years of age she was 
quite unable to speak—she moved her limbs about in an aimless kind of way. 
The legs were paralysed, and the paralysis has been put right by Mr. Robert 
Jones. Almost immediately afterwards a brightening of the intelligence took 
place and she has begun to speak and to stand. ‘This is an example of 
deflected energy being released, and the general backwardness which is 
associated with these cases has been greatly relieved by giving thyroid gland 
substance, which she has taken from before the time of the operation. 


IlIness promotes self-consciousness, because constantly to 
know a thing is to become self-conscious of it, and this frame of 
mind means that other forms of knowledge than those affecting 
or appertaining to the illness are apt to become dwarfed, and a 
kind of backwardness results, simply due to a lack of cultivation 
of faculties which may be potentially quite active. The child 
may possess knowledge unawares, and education draws out this 
unknown knowledge and leads to the lessening of self-conscious- 
ness and to a healthier and more co-ordinated intelligence. 
It is on this account that at the Royal Liverpool Country 
Hospital for Children we have favourably considered the 
question of adding certain types of education to our armamen- 
tarium. Tissue metabolism, growth and nutrition, all of which 
are necessary for the processes of repair, are favoured by the 
constant open-air life which our children lead at Heswall. The 
change of scene and the beauty of the surroundings also bear 
their share in working the oracle of recovery, and now we have 
added the stimulants for the intelligence which are provided 
by the Board of Education. The methods are not of a worrying 
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or standardising description, and they do not involve a great 
deal of reading, writing and arithmetic. They appeal to us on 
account of their physical, manual and objective characters. 
‘Variety is provided and routine is avoided, the principle that 
the strange or unaccustomed excites attention while the familiar 
passes unregarded being thereby fulfilled. Part of the time is 
spent in doing manual work, basket-making, brush-work, paper 
and cardboard work, netting and so forth, and later on some 
other extensions will probably be incorporated, suchas free play, — 
games of an organised character and out-door occupations ; 
and it is quite possible that some lessons suitable for little girls, 
in the way of practical hygiene and simple domestic subjects, 
may be added. All of these measures help to equalise the 
intellectual and physical intelligence and to co-ordinate the 
motor and sensory functions of the child by directing its 
attention away from its troubles and so bringing it into con- 
ditions which serve to remind it that it has far more of the 
qualities which belong to health than of those which appertain 
to the disease from which it may be suffering. Hence it is 
that I regard with favour the work of the Board of Education 
in its relation to the invalid child, believing, as I do, that there 
is a therapeusis associated with any effective measures which 
help to restore co-ordination, whether the ico-ordination of 
function be physical, intellectual or more manifestly chemical 
in its nature. 
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THE 
MARINE BIOLOGICAL STATION AT PORT ERIN 
BEING THE 
TWENTY-SEVENTH ANNUAL REPORT 
OF THE 


LIVERPOOL MARINE BIOLOGY COMMITTEE. 


This year is the Coming of Age of the Port Erin Biological 
Station, not, it is true, of the present building which is only 
eleven years old, but of the Biological Station as an institution 
founded and maintained at Port Erin by the Liverpool Marine 
Biology Committee. 

The first cottage with ahi the Station started was built 
and opened for work in 1892, the second little house was added 
to it the following year, the present much larger building (fig. 1) 
was erected in the winter of 1901 and was first used in the 
summer of 1902 ; and finatly the new research wing was added 
in 1910 and has been fully occupied in vacations during the 
last three years. For a few years previous to that time the 
number of workers in the laboratories ranged from 30 to 40 
individuals in the year, but from 1910 onwards the numbers 
have been nearly doubled :— 


iL) 2 57 1 ieee Aenea a 74 
ere... 60 1S ih A has 72 


All the available work-places in the institution have really 
been more than comfortably filled during the Easter vacations 
(the favourite time with both students and researchers) of the 
last three years. In 1912 the place was too full of workers, 
which is perhaps partly the reason why we had not quite so 
many this year. 

Some extension of the laboratories is, therefore, once again 
urgently called for. A certain amount of very welcome relief 
was obtained last year by running a wooden partition across the 
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The new laboratory of Bio-Chemistry 


Plan of the Port Hrin Biological Station, showing 
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large apparatus room over the fish hatchery, so as to make the 
front portion, overlooking the bay, available as a research 
laboratory for bio-chemistry. This new laboratory, simply 
fitted up with work benches and shelving, sinks, water-taps 
and gas supply, has been occupied from time to time by 
Professor Moore, Dr. Prideaux and Messrs. Mottram, Whitley, 
Edie, Evans and G. A. Herdman in their work on the nutrition 
of marine invertebrates and on the seasonal changes in the sea- 
water. The room corresponds practically to the space below 
the word Hatcuery on the right-hand side of the plan shown 
in fig. 2. 

The usual Easter vacation courses in Marine Biology were 
carried on during April under the guidance of the teachers in the 
Zoology and Botany departments of the University of 
Liverpool. 

Other groups of senior students came from Reading (under 
Professor Cole’s direction), from Manchester, from Birmingham, 
and we had also a few researchers from Cambridge and else- 
where—including Dr. Th. Mortensen, from Copenhagen, who 
came to study our Port Erin Echinoderm larve, a subject 
which we hope to illustrate by publishing this winter, as an 
L.M.B.C. Memoir, the series of drawings which Mr. Chadwick 
has been accumulating for some years. 

Other special investigations carried on at Port Erin during 
the year will be referred to in more detail later on in this report. 

The usual collecting expeditions on sea and shore were 
arranged during the Easter vacation. Figures 3 and 4 show 
characteristic groups on such occasions—in fig. 3 listening to a 
discourse at Port St. Mary and in fig. 4 collecting on the sea- 
shore at Fleshwick bay. 

As on previous occasions, I shall first give the statistics 
as to the occupation of the “ Tables ” during the year, then will 
follow the “‘ Curator’s Report,” and the reports that have been 
sent to me by various investigators on the work they have done, 
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Fic. 3. Students at a field-demonstration. 
[Photo by Prof. W. J. Dakin. 


Fic. 4. Shore collecting at Fleshwick Bay. 
[Photo by Prof. I’. J. Cole. 
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and, finally, I shall describe some of the researches in which 
I have been myself taking part along with colleagues and 
assistants both at Port Erin and elsewhere. 


THE STATION RECORD. 


Upwards of seventy researchers and students have occupied 
the Work-Tables in the Laboratories for varying periods during 


the year, as follows :— 
Dec. 28th, 1912, to Jan. 


6th, 1913. Professor Herdman.—Tunicata. 
Feb, 13th to 17th. _ Professor B. Moore.—Bio-Chemistry. 
March 1st to 3rd. Professor Herdman.—Oficial. 
March 15th to 29th. Mr. C. W. Lowe.—General. 
March 15th to 29th. - Mr, J. H. Lloyd.—General. 
March 20th to April 2nd. Professor F. J. Cole.—EKducational. 
- Mr. Malpas.—General. 
sy Mr. W. Kings.—General. 
is Miss N. Eales.—General. 
33 Miss D. Coward.—General. 
a Miss M. Snoxell.—General. 
S. Mr. H. L. Hawkins.—Echinodermata, 
A Mr. R. W. Palmer.—General. 
ee Mr. H. W. Hyde.—Geology. 
March 31st to April 8th. Professor Harvey Gibson.—Educational. 
a Professor Reynolds Green.—Research. 
th a Miss L. Nash.—Marine Alge. 
i 5 Miss E. M. Blackwell.—Marine Algz. 
3 Miss A. G. Wilkinson.—Marine Algze. 
e .. Miss E. M. Mather.—Marine Algz. 


A 5 Miss G. L. Hanna.—Marine Algz. 
a Miss D. Jones.—Marine Algz. 
Miss H. Clarke.—Marine Alge. 


ae Mr. R. H. Blair.—Marine Alge. 

“- Miss D. Lamble.—Marine Alge. 

: Miss I. L. Millican.—Marine Algz. 

# Miss L. Higson.—Marine Algz. 

2 Mr. J. W. Hopkinson.—Marine Alge. 
March 31st to April 14th, Miss E. Gregory.—General. 

ca Miss J. Gregory.—General. 

5 Miss K. Clegg.—General. 

ip Mr. E. Holden.—General, 
March 31st to April 21st. Professor Herdman.—Plankton. 

a Mr, G. A. Herdman.—Chemistry of Sea-water. 

‘ Mr. H. G. Jackson.—Plankton. 

es Mr. S. T. Burfield.—Sagitta. 

bs Miss E. L. Gleave.—Archidoris. 

a Miss F. Tozer.—Nerves of Fishes, 

” Miss M. Knight.—Marine Alge. 

a Miss R. Robbins.—General. 


= Miss H. M. Duvall.—General. 
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March 31st to April 21st. 


April 8th to 10th. 
May 10th to 13th. 


May 20th to June 3rd. 
June 14th to 16th. 


99 


99 


July 14th to 25th. 

July 17th to 20th. 
July 19th to Aug. 9th. 
Aug. 11th Sept. 4th. 
Aug. 26th to Sept. 13th. 
Aug. 29th to Sept. 8th. 


Oct. 27th to Nov. 4th. 
July to Sept. on various 
occasions. 


The “ Tables = 
follows :— 


Miss E. Lewis.—General. 

Miss C. M. P. Stafford.—General. 

Miss B. Norbury.—General. 

Miss M. Davies.—General. 

Miss A. Kay.—General. 

Miss E. M. Smith.—General. 

Miss F. Robinson.—General. 

Miss M. Bradley.—General. 

Miss M. Udall.—General. 

Miss U. Little.—General. 

Miss A. Garside.—General. 

Miss J. Upson.—General. 

Miss E. Edmondson.—General. 

Miss G. Clege.—General. 

Miss O. G. Ellams.—General. 

Miss D, E. Payne.—General. 

Miss D. Thornton.—General. 

Miss G. Platt.—General. 

Miss R. C. Bamber.—Rotiferz.. 

Mr. J. Erik Hamilton.—Plankton, &c. 

Mr. R. J. Daniel.—Plankton, &c. 

Mr. R. Douglas Laurie.—Amphidinium. 

Mr. V. H. Mottram.—Physiology. 

Professor B. Moore.—Bio-Chemistry. 

Professor Herdman.—Plankton. 

Professor B. Moore.—Bio-Chemistry. 

Dr. F. Ward and Assistant.—Photography of 
Marine Animals. 

Professor Herdman.—Official. 

Professor B. Moore.—Bio-Chemistry. 

Dr. E. B. R. Prideaux.—Sea-water. 

Professor A. Dendy.—General. 

Mr. Holden.—Marine Alge. 

Dr. Th. Mortensen.—Echinoderm Larve. 

Mr. T. Monaghan.—Lobster Culture. 

Mr.A. EK. Kidd.—Lobster Culture. 

Mr. G. J. Hill.—General. 

Professor Herdman.—Plankton. 

Mr. G. A. Herdman.—Chemistry of Sea-water. 

Miss A. Porter.—Parasitology. 

Mr. W. Bygrave.—Herrings and Plankton. 


in the Laboratory were occupied as 


Inverpool University Table :— 


Professor Herdman. 


Mr. H. G Jackson. Miss EK. M. Blackwell. 


Professor Harvey Gibson. Mr. V. H. Mottram. Miss E. L. Gleave. 


Professor B. Moore. 
Mr. R. Douglas Laurie. 
Mr. S. T. Burfield. 
Miss R. Robbins. 


*Since the new research wing has been added several distinct apartments ~ 


Mr. R. J. Daniel. Miss R. C. Bamber. 
Mr. J. Erik Hamilton. Miss H. M. Duvall. 
Miss M. Knight. Miss F. Tozer. 


Dr Prideaux. 


are generally available for the accommodation of the investigators 
assigned to any one of the University ‘‘ Tables.” 


EE 


Liverpool Marine Biology Committee Table :— 


Professor Reynolds Green, Dr. F. Ward. 
Dr. Th. Mortensen. Mr. G. J. Hill. 


Manchester University Table :— 


Miss E. Gregory. Miss K. Clegg. 


Miss I. Gregory. 


Birmingham University Table :— 
Mr. C. W. Lowe. | Mr. J. H. Lloyd. 


University College, Reading, Table :— 


Professor F. J. Cole. Mr. Malpas. 
Mr. H. L. Hawkins. Mr. W. Kings. 
Mr. R. W. Palmer. Mr. H. W. Hyde. 
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Mr. G. A. Herdman. 
. J. W. Hopkinson. 


Mr. EK, Holden. 


Miss N. Eales. 
Miss D. Coward. 
Miss M. Snoxell. 


The following students of Liverpool University occupied 


the laboratory for periods varying from a fortnight to three 
weeks during the EHaster vacation, and worked together under 
the supervision of Professor Harvey Gibson, Miss M. Knight, 
Miss K. M. Blackwell, Mr. R. Douglas Laurie and Mr. Burfield:— 


Miss L. Nash. Miss E. Lewis. Miss U. Little. 

Miss A. G. Wilkinson. Miss C. M. P. Stafford. Miss A. Garside. 
Mr. E. M. Mather. Miss B. Norbury. Miss J. Upson. 
Miss G. L. Hanna. Miss M. Davies. Miss E. Edmondson 


Miss D. Jones. Miss A. Kay. 
Miss H. Clarke. Miss E. M. Smith. 
Miss D. Lamble. Miss F. Robinson. 
Miss I. L. Millican. ‘Miss M. Bradley. 
Miss L, Higson. Miss M. Udall. 


Miss G. Clegg. 
Miss O. G. Ellams. 
Miss D. E. Payne. 
Miss D. Thornton. 
Miss G. Platt. 


Mr. R. H. Blair. 


CuRATOR’S REPORT. 


Mr. Chadwick reports to me as follows :— 

“The number of individual workers who resorted to our 
laboratories during the past year—seventy-two—is practically 
the same as that (seventy-four) of the previous year ; and the 
accommodation afforded was again fully utilised during the 
Easter vacation. } 
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“The apportionment, by partition, of rather more than 
half of the large store room above the fish hatchery to the 
purposes of a chemical and physiological laboratory has afforded 
Professor Moore and his assistants and other workers much 
better facilities for their work on the nutrition of marine 
animals and on the chemistry of sea-water. The work done 
during the Haster vacation followed closely on the lines of 
previous years. Collecting expeditions were organised to 
various parts of the neighbouring coast, demonstrations of 
oceanographic work were given on the 8.Y. ‘ Runa,’ and evening 
lectures in the laboratory were taken by Professor Herdman, 
Mr. Douglas Laurie and the Curator. 

“The number of visitors to the Aquarium during the 
year—16,607—1s a record one. It represents an advance upon 
that of 1912 of about 2,400, and upon that of 1907, the highest 
previous number, of about 1,000. One thousand and forty-two 
copies of the new edition of the Guide to the Aquarium were 
sold. This number also is substantially larger than that of any 
previous year. 

“ During the winter (November to March) the Curator has, 
as In previous years, given frequent demonstrations and lantern 
lectures on Nature Study and Marine Biology (1) to a class of 
about 20 boys brought from the local Higher Education School, 
and (2) to parties of children from the local and some other 
insular schools. 

“The work of the fish hatchery was begun on Feb. 17th, 
with 350 healthy plaice in the spawning ponds. The hatching 
apparatus was set in motion with a first batch of 88,200 eggs ; 
and by March 13th, when the first lot of larvee were ready for 
liberation, the number of eggs incubating in the hatching boxes 
was 2,344,000. Quantities of eggs exceeding half a million in 
number were skimmed from the pond on March 18th and 31st, 
and on April 8th and 11th respectively ; and upwards of 400,000 
were collected on March 22nd and April 2nd respectively. On 
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March 31st the number collected was 976,500, the largest 
hitherto recorded on one day. The numbers continued to 
exceed 100,000 per day until April 15th, after which there was a 
considerable falling off. 

“The spawning season extended over 74 days, and the 
total number of eggs collected from the ponds was 8,780,000 ; 
while the total number of larve hatched and set free was 
7,706,800. The great majority of these were taken out to sea 
by Professor Herdman in his steam yacht ‘ Runa.’ One large 
consignment, numbering 1,439,700, was set free off Port St. 
Mary. The rest were distributed about five miles out to sea to 
the West of Port Erin. 

“The Hatchery Record, giving the number of eggs 
collected, and of larval fish set free on the various days is as 
follows :— 


Eggs collected, Date. Larve set free. Date. 
284,500 .. Feb. 17 to 22 236,300 .. March 13 
370,300. » 24 to 28 Ap aOOr ss) 55, be 
oi (00)",. March. 1 and 3 DOORTOO Salt) b-" VOB 
148,000 5 4 and 5 128,000 are 
597,500 5 8 to 11 509,800 ete 
may00e.. «, £«%I2and 13 430,600 April 2 
924,000 - » 14 to 20 850,800 e 7 
495,600 pee 413,000 s 8 
500,800 » 24 to 26 445,000 eed (> 
228,800 Pi) eon atid 29 190,000 i 4 

Meoov00 >.. , dsltoApril2 1,439,700 aah Cote 
315,000 .. April 3 and7 257,200 eee 

meeaiue =. 4246S s« B8 to 14 1,651,800 21 & 24 
276,100 we 1 tO. 17 204,400 yi: 
276,100 » 21 to May 1 224,700 May 10 


8,780,000 =Total eggs. 


“The plaice hatching season over, attention was turned 
to the acquisition of a stock of ‘ berried ’ lobsters, in anticipation 


7,706,800 =Total larvee. 
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of further experiments in lobster culture during the summer and 
autumn. The lobster pond was carefully cleansed, and, by 
piling together a number of large stones and bricks at the deeper 
end, hiding places were prepared for the lobsters. 

“By the middle of June six “‘ berried’ ones, with eggs in 
advanced stages of development, had been purchased from local 
fishermen, and on various dates up to and including Sept. 3rd 
12 more were brought in, making a total of 18, exactly the 
same number as were obtained last year. The eggs of the first 
few being well advanced, they were put into the uppermost 
compartments of the hatching tanks in anticipation of the 
early appearance of larvee, and, in view of Mr. Gunn’s results 
last year, of continuing the use of the hatching tanks for 
rearing purposes. 

“The old trouble—premature shedding of the eggs by the 
parent lobsters—soon made its appearance, and, as 1t threatened 
to result in considerable loss, I eventually decided to transfer 
the lobsters to the pond. ‘This was done, and as new ones were 
brought in they were at once put into the pond. So far as could 
be ascertained from careful inspection, no further egg shedding 
occurred; and I am now satisfied that in future ‘ berried ’ 
females may be kept in the pond indefinitely, without fear of a 
recurrence of this annoying trouble. 

“* The first larvee made their appearance in the pond at the 
end of June, and by the end of the first week in July considerable 
numbers were swimming about actively and appeared to be © 
doing well. Some of these I transferred to the hatching boxes ; 
but the majority were left in the pond and fed daily upon 
minced liver of crab. 

“On July 19th Mr. T. Monaghan came over from the 
University of Liverpool to undertake the work of lobster 
culture ; and on the 21st, when he began work, there were nine 
‘berried ’ lobsters in the pond, and several thousands of first, 
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second and third stage larve. I now had great hopes that we 
were within reach of a more substantial advance than we had 
hitherto attained. A few days later, however, we noticed that 
the larve, especially those in the third stage, were disappearing, 
and on draining off most of the water from the pond, their 
decomposing remains were found in numbers on the bottom. 
I cannot offer any explanation of this. Large quantities of 
water were pumped into the pond daily ; and all unconsumed 
food was removed as thoroughly as possible. After this the 
newly hatched larvee were removed from the pond every 
morning, counted, and placed in the hatching boxes. This, 
of course, added considerably to T. Monaghan’s work. Accord- 
ing to a statement which he left with me he dealt with 3,943 
larvee, of which 10 reached the lobsterling stage before he left 
on August 9th. 

“Mr. A. EK. Kidd, also from the Liverpool University 
laboratory, began work on August 11th and left on Sept. 4th. 
On the lines described above he dealt with 4,038 larve ; and 


on the date of his departure 120 lobsterlings had been set free. 


During the second week in September the eggs of the lobster 
placed in the pond on the 3rd of that month began to hatch out, 
and I took the earliest opportunity of transferring 1,000—all 
but a very small number of them—to the hatching boxes. 
In spite of the devotion of many hours to the care of them, 
only eleven have reached the lobsterling stage. Though 
the conditions, temperature, &c., have remained much the same 
as they were in the late summer, the development of these 
larvee has proceeded at a slower rate than that of those dealt 
with by Messrs. Monaghan and Kidd. I fed them daily on 
minced mussel (Mytilus edulis), and satisfied myself that they 
partook of it. In addition to this food I found that Copepoda 
were constantly present in fair numbers in the water flowing 
through the hatching boxes, so that there can be no question 
of the larvee having died for want of sufficient food. 
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“It is impossible to state the total number of larve 
hatched this year. Messrs. Monaghan and Kidd and I together 
dealt with nearly 9,000 in the hatching boxes; and I am not 
overstating the number when I say that an additional 3,000 to 
4,000 were lost by death in the pond before we began to count 
and transfer them to the hatching boxes. The total number of 
lobsterlings reared to date is 170. Of these 154 were set free, 
and I am now trying to rear the remaining ones to the adult 
condition. During the season of 1912 Mr. Gunn dealt with 
8,227 larve. Of these 3,107 were set free in the first, second 
and third stages. Of the remaining 5,120, three hundred and 
thirty-three were reared to the lobsterling stage, and all but 
a few set free. 

‘“‘T am now satisfied that so far as securing the retention 
of the eggs upon the swimmerets of the parent lobsters, and the 
subsequent hatching of practically all the eggs is concerned, 
the pond fulfils all requirements ; but we still have difficulties 
to overcome in rearing the larve through their successive 
moults to the lobsterling stage.’—H. C. CHADWICK. 


OTHER REPORTS ON WoRK. 


Professor Cole and his party of colleagues and students 
from Reading were chiefly occupied, as usual, in observing and 
collecting, and in making injected preparations of various 
invertebrata for their College Museum. Professor Cole reports 
to me :—‘‘ Our Easter party this year consisted of 9 persons, 
and the work was as usual largely educational. We brought 
back for the College Museum, however, a large and magnificent 
specimen of the Medusa Rhizostoma pulmo, which we have since 
successfully displayed in a specially constructed tank of teak 
and plate glass. We also made a number of interesting injected 
specimens for the Museum, of which a beautiful injection of the 
dermal gills of Asterias, since imitated in other museums, may 
be specially mentioned.” 
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Professor Harvey Gibson and Dr. Reynolds Green com- 
menced last year a series of experiments in our open-air concrete 
tanks and in a part of the spawning pond, on the toxicity of 
certain compounds to algal gonidia, and the conditions of their 
germination on various substrata. These have been continued 
during the present season, but the results are not sufficiently 
far advanced to warrant publication. 

Mr. Burfield has started work on the remarkable pelagic 
“ Arrow-worm ”’ Sagitta bipunctata (fig. 5), with the object of 
producing an L.M.B.C. Memoir on the subject. He was mainly 
occupied at Port Erin in collecting and preserving material 
from the plankton collections, and in recording the statistics of 
distribution. 


Fic. 5. The Arrow-worm, Sagitta bipunctata. 
[Photo by Mr. A. Scott. 


Mr. H. G. Jackson, M.Sc., acted as my Assistant in the 
plankton investigation from the yacht during the Haster 
vacation. The results obtained will be given in full in the next 
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Lancashire Sea Fisheries Report and so need not be further 
referred to here. The rest of Mr. Jackson’s time at Port Erin 
was occupied in collecting material for his work on the larvee of 
Higher Crustacea. He examined the various plankton 
gatherings with the object of tracing the young stages of crabs 
and lobsters, shrimps and prawns, and other allied animals 
throughout their lfe-histories, and also in their distribution 
over the district and throughout the year. Mr. Jackson 
published a first report on this subject in the Lancashire Sea 
Fisheries Report for 1912 and has in preparation a more detailed 
account. 


Mr. V. H. Mottram continued his work on the fats of marine - 


animals. In the Easter vacation of 1913 he made collections — 


of typical carnivorous and phytophagous molluscs with a view 
to comparing the fatty acids of the two groups. At the same | 
time further material was obtained to complete the work done 
in 1912 on plaice and mussels. The work is still in pee 
and no results can yet be stated. : 

Mr. Chadwick, who has been idenhibine the rarer Echino- 
dermata obtained during the cruise of the “ Runa,” reports as 
follows :—‘“ Here is a list of your ‘ Runa’ Echinoderms* :— 

Antedon phalangvum (J. Miill.). 

Antedon bifida (Penn). 

Antedon tenella (Retzius). 

Asterias muellert (Sats). 

Pteraster militaris (O. F. Miill.). 

Ophiocmda brachiata (Montagu). 

Echinus acutus, Lamk. 

Phyllophorus pellucidus (Diib. and Kor.). 

“Tam more dissatisfied even than I was last year as to the 
specific distinctness of Phyllophorus pellucidus and P. drum- 
mondt. Nothing short of careful records of the appearance of 


* Only the more uncommon forms. A number of other, common species 
were obtained. 
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the living animals will settle this. Speaking of P. pellucidus, 
Bell says— ‘ Tables generally distributed in the body-wall, but 
not numerous. ‘The truth is that they are closely packed, 
apparently in every part of the body-wall. I doubt whether 
the distinction he draws between the ‘ tables’ of P. pellucidus 
and those of P. drummondz is valid.” 

Miss Tozer reports her research as an attempt to investigate 
the sensory nerve endings in the eye muscles of the fish, 
Gadus virens, by means of the methylene blue method. This 
attempt yielded no very definite results as the method was only 
‘partially successful. It only revealed a few very fine myel- 
inated nerve fibres and non-myelinated endings near the 
tendon muscle junction, and gave no indication of the total 
supply. 

Miss A. Porter, D.Sc., spent some time in the late autumn 
at Port Erm working at parasitology. She examined such 
fish, molluscs and other invertebrates as were available at that 
_time, and found various interesting parasites at which she hopes 
to do further work at Port Erin in the future. 

Mr. W. Bygrave, B.A., formerly of Cambridge and the 
Marine Biological Laboratory at Plymouth and now Science 
- Master at King William’s College, Castletown, is from time to 
time pursuing research work at the Port Erin Laboratory. 
The investigation on which he has started consists in comparing 
the stomach contents of samples of herring, obtained in the 
commercial fisheries round the Island, with the plankton 
occurring at the same time at the same locality. We have 
made arrangements with the skipper of a fishing boat to pre- 
serve for us the necessary herring samples, and at the same time 
to take hauls of the plankton net with which we have supplied 
him. These samples and gatherings are sent to the Port Erin 
Laboratory to await the detailed comparison which Mr. Bygrave 
will make, both as regards their bulk and their microscopic 


C 


38 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


nature. These samples have been collected as frequently as 
possible during the greater part of the summer, and most of 


them are from a locality about 10 miles West of the Chicken ~ 


Rock Lighthouse. On such occasions two gatherings of 
plankton were obtained by means of a tow-net of fairly coarse 
mesh, which was lowered in each case to the depth of the bottom 
of the herring nets and was then hauled up slowly to the surface, 
these plankton hauls being taken at the same time that the 
herrings were being caught. Hach herring sample consists of 
the stomachs of ten fish taken at random from each haul and 
preserved in formalin. 

Dr. Francis Ward paid a visit to the Biological Station, in 


May and June, 1913, to confirm in the clear waters of the | 


Irish sea certain observations made in special tanks at Ipswich. 


He wished also to study the appearance of numerous forms of 


marine life, when viewed as if from below the surface of the 
water, and lastly to trace the connection as a concealing 
factor—if it existed—between the electric blue pigmentation 
seen on such marine forms as Homarus vulgaris, Portunus 
puber, etc., when these crustaceans are seen from below the 
surface, and the blue reflection from various red-brown 
sea-weeds, e.g., Chondrus, when these sea-weeds are seen 
against a dark surface with the top light cut off. 

A special tank was arranged at the back of the station, 
and in this was built up an artificial rock-pool with natural 
stones and weeds taken from the sea. Various anemones and 
other forms of marine life were viewed in this tank from a 
dark chamber at the sides. This enabled everything to be 
seen by an entirely natural illumination. The great value of 
white as a concealing factor among marine fauna was demon- 
strated, the white anemone reflecting the colour of its 
surroundings as soon as the top light was cut off. 


a 
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THe MInNutTE LIFE OF THE SEA-BEACH. 


In continuation of the observations which have been 
recorded in the last two Reports as to the occurrence of the 
Dinoflagellate Amphidinium operculatum, in two distinct forms, 
from time to time, upon the beach at Port Erin, I have only 
now to add :— 

(1) That Mr. R. D. Laurie, while at Port Erin in April, 
made a series of observations designed to test the question, 
raised by his observations at Hoylake,* as to whether certain 
rhythmic movements of the patches of the organisms are due 
to direct response to environmental stimuli or to habit. The 
former view was supported. The patches have a daily 
rhythm of appearance above and disappearance below the 
surface of the sand, and the times of these movements can be 
very fairly calculated from a knowledge of the actinic value of 
the light and the condition of the tide. The optimum light 
intensity is a diffused condition, a strong light is avoided. 
The influence of the tide, apart from light, was studied 
during the night and the organisms were seen to disappear 
shortly before the incoming tide reached them and _ to 
reappear as soon as the tide receded from their area. The 
interaction of light and tide stimuli produce a daily and also a 
fortnightly rhythm, very little, if any, of which is due to habit. 
Under experimentally altered conditions a new rhythm super- 
venes. 

(2) That during the last year our knowledge of the range of 
distribution of Amphidiniwm on the British Coasts has been 
considerably enlarged—as may be seen from the following 
letter to “ Nature,” which appeared on July 31st, 1913, 
p- 558 :— 

“ Biological readers of ‘ Nature’ will perhaps recollect the 


*Mr. Laurie also read a paper on the Bionomics of Amphidinium before 
Section D of the meeting of the British Association at Birmingham, in 
September. 
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record of the finding of the Dinoflagellate, Amphidinium 
operculatum (previously unknown in Britain), on the beach at 
Port Erin a couple of years ago. Since then it has been present 
in great abundance at Port Erin on many occasions ; Mr. R. D. 
Laurie found it at Hoylake, near Liverpool, in February, 1913 ; 
two of our young Liverpool zoologists (R. J. Daniel and 
J. Erik Hamilton), now at the Belmullet Whaling Station, 
co. Mayo, inform me that they have noticed it on the shores of 
Blacksod Bay; and now I have to-day found it here in 
abundance, staining slightly in patches and streaks the beautiful 
white shell-sands of Iona. 

“ Both the forms found at Port Erin—viz., the shorter 
discoid (the typical A. operculatum) and the larger more ovate 
form, which I have described from Port Erin—occur here, 
associated with a few Naviculoid diatoms. 

“It seems probable that this curious Dinoflagellate, 
known in the living state, so far as I can ascertain, to very few 
biologists, and previously recorded from only three or four 
far-distant localities, is really very generally distributed, and 
might be found by careful searching on many sandy beaches.— 
W. A. Herpman. S.Y. ‘ Runa,’ Sound of Iona, July 20th.” 

_ The two forms of Amphidinium referred to in the above 
letter are shown at fh and 7 in fig. 6, repeated here from last 
year’s report. ‘These two forms, differing so considerably in 
size, shape and movements, have now been found together at 
the following localities :—Port Erin (Herdman), Hoylake 
(Laurie), Cullercoats (Meek), Blacksod Bay (Daniel and 
Hamilton), and Iona (Herdman). If they prove, as seems 
quite probable, to be two distinct species, the small discoid 
one (2, in fig. 6) is A. operculatum, Clap. and Lach., and the 
larger more elongated form (h, in fig. 6), which was described 
and figured fully in last year’s report (p. 31, fig. 9), will require 
a new name. 

As a further contribution to this fascinating subject—the 
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minute living things infesting and colouring the sand-grains of 
our sea-beaches—I add here a further letter sent to “ Nature ”’ 


(see September 4th, 1913, p. 5) during our summer cruise in the 
Hebrides. 


Fic. 6. Various forms of Amphidinium found on November 18th, 1912; 
a tog encysted and immature stages; hand 7 the larger (possibly new 
to science) and the shorter (typical A. operculatum) forms for comparison ; 
4 side view of 7; k,l and m stages of short form; ma fission stage. 


“A varied and interesting field of investigation awaits 
_ the microscopist who will make a detailed examination of the 
minute fauna and flora of apparently barren sands on the 
sea-shore. To-day, on landing at the island of Oronsay at 
low tide, the otherwise pure white sand was seen to be coloured 
pink in one area, for an extent of several yards, green a little 
further up the beach, and golden-brown in small patches here 
and there. On examining samples with the microscope the 
brown colour was found to be due to living diatoms (not 
-Dinoflagellates in this case), naviculoid forms like Caloneis ; 
7 the pink is formed of amorphous masses of fine granules in a 
jelly loosely adhering to the sand-grains, and may perhaps 
prove to be bacteria in a zoogloea state, while the green is 
caused by patches of a very simple alga (? a Coccophycid) made 
up of groups of rounded green cells in a single layer on the 
‘sand-grains. I have kept samples of all the organisms and will 
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submit them to a botanist for more precise identification. 
No Amphidinium patches were present so far as I could see. 
The variety of organisms present in the one little bay, the extra- 
ordinary abundance in each patch, and the brightness of the 
colour produced on the white sand were very striking, and 
seemed worthy of note. 

“ The colour was not in any of these cases due to the sand- 
grains themselves, which are mostly clear quartz with, as usual, 
a few black specks and some white shell fragments. Nor was 
there apparently any fresh-water on the beach, and certainly 
not any sewage or other source of impurity. It is a lonely, 
sandy bay, inhabited only by sea-birds and seals, and the 
nearest house is on the opposite side of the island at least four 
miles away by the coast. The sea-water seemed very clear, 
of salinity 26:5, and the sandy bottom could be seen from the 
yacht anchored in five fathoms. | 

‘ Diatom patches are no doubt abundant in many places ; 
probably the simple green alga encrusting the sand-grains is 
known to botanists, and I have certainly seen the pink organism 
elsewhere. Probably other coloured patches due to micro- 
‘organisms are present on many beaches. It would be interest- 
ing to have them more thoroughly investigated—bio-chemically, 
if possible—by someone living on the spot, and able to study 
their changes day by day.—W. A. Herpman. S.Y. “ Runa,’ 
Sound of Islay, August 27th.” 

I brought back samples of all these organisms, and 
Professor Harvey Gibson, to whom I handed them over, 
informs me that the pink one on the sand-grains is a Red Alga 
belonging to the Schizophycee, viz., Microcystis elabens 
(Meneghini), Kiitz. Professor Gibson tells me that the 
identification has been confirmed by Professor Chodat, of 


Geneva, who adds that it is, however, a very small form of the 


species. This Microcystis has been found on the coast of 
Norway, but is apparently a new record for British seas. 
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I believe, however, that I have found it before, in a small bay to 
the North of Hast Loch Tarbert, on Loch Fyne—and the 
probability is that, hke Amphidinium, it is much more widely 
spread and will be found in many localities if they are carefully 
searched. 


CRUISE OF THE “RUNA” IN 1913. 


In continuation of our practice of extending the marine 
biological investigations from the Irish Sea to the West Coast 
of Scotland during the summer vacation, we again this year 
organised an extensive cruise of nearly eight weeks (July and 
August) during which we sampled with dredge, tow-net and 
in other ways many of the water-ways between Port Erin and 
Stornoway in the Outer Hebrides. Most of the results of this 
cruise are being published elsewhere,* but there are a few 


Fic. 7.—Large Kittiwake colony on the cliffs of Canna. 
[Photo. by Prof. R. Newstead. 


*See Lancashire Sea-Fisheries Annual Report for an account of the sea- 
water and the plankton ; while an account of the rarer dredged forms has 
been read before the Linnean Society of London. 
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matters of more general biological interest that will be discussed 
below. First, however, let us say a few words on the organisa- 
tion of the work. 

During the early days of the cruise we had the advantage 
of having with us our two Naturalist friends, Mr. Alfred O. 
Walker, F.L.S., and Professor R. Newstead, F.R.S., both Past- 
Presidents of the Liverpool Biological Society. Mr. Walker was 
indefatigable and ingenious in capturing minute Crustacea 


(fig. 8), such as the Amphipoda, and he has supplied me with 


Fic. 8.—Mr. A. O. Walker on the ‘‘ Runa.’’ 


a list of over 100 species of Malacostraca obtained on the 
cruise, fourteen of which are names not contained in Canon | 
Norman’s list of the Crustacea collected by the British 
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Association Dredging Committee, from the Shetland seas, in 
the years 1861-67. 
Professor Newstead, while primarily studying the sea-birds 


and the insects of the islands we landed on, took a keen interest 


in the dredging and tow-netting operations, and most kindly 
helped in all the scientific work. Several of the blocks 
illustrating this report have been made from photographs 
of the nests and haunts of Sea-birds taken by Prof. 
Newstead (see fig. 9). Throughout the cruise a great deal of 


Fic. 9.—Nest of Merganser on an island in Loch Sunart. 

[Photo by Prof. R. Newstead. 
the work of collecting and preserving, recording and 
sketching was done by my wife, by our son George (who 
was responsible for all the physical observations—temperatures 
and salinities and samples of sea-water), our daughter Catherine 
(who collected, labelled and preserved the samples of dredged 
deposits to be examined for the Foraminifera), and our cousin 
Miss J. C. Ferrier, who gave valued assistance in keeping notes 
of the living animals, with both pen and paint brush, and 
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helped in various other ways. It is one of the advantages 
of such an investigating trip that everyone on board can be 
given some useful work to do. Another great pleasure is that 
one is able to collect material, which perhaps could not 
otherwise be obtained, for various scientific friends elsewhere 
who are at work on special problems. 


FORAMINIFERA. 


The 24 canvas bags of mud, sand and other dredged 
deposits are now being examined by Messrs. Heron-Allen and 
Harland who are preparing a monograph on the British 
Foraminifera. These gentlemen have kindly supplied me with 
the following general notes on their results in regard to the 
first four samples examined. They have kindly enabled me to 
print also a list of the 259 species which they have picked out 
from these four samples to show how rich, in these minute 
and beautiful shells (see figs. 10 to 13), are many of the marine 
deposits of the Hebridean Seas. 

S.Y. “Runa,” 1913. Noteson Samples 1-4 of Bapouses 
Sample 1.—From Lowlandman’s Bay, Jura, 5 fms. 

Bulk 500 c.c. of dark grey sandy mud. After washing, 
residue 115 c.c. 89 species from elutriated material. 

Dominant forms very large Rotala beccaru, large Miho- 
lide and Polystomella crispa. Fine plastogam of Truncatulina 
lobatula and large Verneuilina polystropha. Notable absence 
of arenaceous forms. Very rich in Lagenide, especially 
L. fascoata and marginata (see fig. 11). 

Sample 2.—From Sound of Mull, 20 fms. 

A solid cake (254 c.c.) of black mud. Residue after 
washing, 5c.c. 107 species (see fig. 10). 

Most noteworthy form Ammodiscus charoides and Haplo- 
phragmium glomeratum. Commonest form Bulimina mar- 
ginata of all types. Particularly rich in Nodosaria, especialiy 
N. pyrula and communis and Roemeriana. A very fine 
specimen of NV. filiformis. ) 


Fic. 10.—Sample 2. Fig. 11 —Sample 1. 
Sound of Mull, 20 faths. Lowlandman’s Bay, 5 faths. 
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Fig. 12.—Sample 3. Fig. 13.—Sample 3. 
Off Ardnamurchan, Off Ardnamurchan, 
20 faths. 20 faths. 

(Fine material.) (Coarse material.) 


| Photo. by A. 14. Smith 
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Sample 3.—Off Ardnamurchan, 20 fms., shell-bank. 

2,300 ¢.c. of brown shell and coral débris. 1,300 c.c. 
passed the 1/10 sieve and were examined. 128 species. 

Coarsest siftings rich in gigantic specimens. Noteworthy 
species Gypsina vesicularis, Polymorphina compressa (see fig. 13). 

Finer siftings rich in small arenaceous forms, notably 
Ammodiscus incertus, Trochammina rotaliformis, Haplophrag- 
mium moniliforme and (2) findens (see fig. 12). 

A large series of Lagena, many very rare forms. Among 
the coarsest siftings were gigantic specimens of Pulvinulina 
repanda and fistulose specimens of Polymorphina. 

Sample 4.—Loch Sunart, 12 fms. 

A solid lump of light grey sandy mud mixed with frag- 
ments of mollusca, weight 34 lbs., bulk 1,000 ¢.c. Bulk after 
first washing 525 c.c., residuum after final washing 348 c.c. 
Species c. 100. 

Predominant forms Bulomina marginata and B. aculeata. 
A great range of Nomonina (especially wmbilicatula) and of 
Lagena. Many Nodosaria, especially N. scalaris. Fine typical 
Lagenide, especially Bulimina squaemerigera. 

The following is the list of 259 species* of Foraminifera 
found in the above described four samples by Mr. Heron-Allen 
and Mr. Harland. 


1 2 : 4 
Mmpeemartia iuciiuga, Delr,..........0cccccecsccsscesees > 
Biloculina RUE, casininiesuidhdinisledins sodas ov'esss 1 1 
- MTS AMIE, 5 cx cdns'ewetddlogin de va'vnine'e's a's’ f vr r 
- ATION seis eadiigahignsrainayrisie reasee ec r r 
oe RE aE IOAN SID), isin), way tis nv aicisiareecveneines oe i 1 
Spiroloculina acutimargo, Brady ...............s..06 vr 
a Sere Amt OL co iid veenees otic secre 1 vr f vr 
a PARMA S, LAGI, , SPicersoccsvcecncerieese 1 vr vr vr 
ae RERUN OME os doce vine nvwiavetiadesinety es « f 1 f 


*Norre.—It must be borne in mind that the following list is a purely 
preliminary and provisional one. It has been compiled from the notes 
made during the first examination of the material from Stations I-IV, and is 
intended merely to serve as an indication of the general character of the 
dredgings. There are several species recorded which are new to Great 
Britain, and several, the affinities and specific determination of which are 
given subject to revision and correction when the whole of the samples have 
been examined and compared. H-A. and E. 
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Lagena gracillima, Seg., sp. 
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Cristellaria acutauricularis, Fich. and Moll., sp 
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FISH AND PLANKTON. 


One of the points to which, as usual, we paid particular 
attention was the minute floating life, or plankton, of the sea, 
and especially any evidence of its relation to the presence or 
absence of useful fishes. | : | 

Some observations we made on the abundance of the | 
large Copepod Calanus finmarchicus (see fig. 14), near Tober- 


Fic. 14.—Copepod Plankton consisting wholly of Calanus finmarchicus, | 
mory, Mull, at an early period of the cruise—and which were 
much discussed on board—led to the following letter being 
sent to “ Nature ’’* :— 

* Nature for July 17th, 1913, p. 504; ‘‘ Mackerel and Calanus.” 
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“We all believe that most of our common food-fishes at 
some stage of life feed upon plankton, but those who have 
looked into sea-fisheries questions know that there is a great 
want of actual observations connecting the occurrence of some 
planktonic organism in quantity with the presence of a 
particular fish. Consequently the following record may be of 
interest to both marine biologists and fisheries experts. 

“We are out on a scientific fisheries cruise, and in addition 
to members of my own family, two well-known naturalists, 
Professor Newstead and Mr. Alfred O. Walker, are with us on 
the yacht, and we have just had what we all regard as a 
satisfactory demonstration of the connection between a large 
shoal of mackerel and the occurrence of Calanus finmarchicus 
in unusual quantity. 

“On arriving in this bay last night we found that the 
local boats had been catching abundance of mackerel close to. 
We bought some for supper (good fish for a halfpenny each), 
and on dissection found that the stomachs of all of them were 
crammed full of fresh-looking Calanus (the individual Copepods 
being for the most part distinct and perfect), along with a 
few immature Nyctiphanes and larval Decapods. Professor 
Newstead and my daughter then noticed, while fishing over the 
side of the yacht, about 8 p.m., that the gulls in the bay were 
feeding in groups around patches of agitated water evidently 
caused by shoals of fish. On rowing out to these we saw 
distinctly the mackerel, large and small, darting about in great 
numbers in the clear water, and we also noticed every here and 
there on the smooth surface of the water—it was a beautifully 
calm evening—innumerable small whirls or circular marks 
which, on looking closely, I found to be caused by large Cope- 
poda close to the surface. 

“ About twenty years ago I sent a note to ‘ Nature,’ from 
the yacht ‘ Argo,’ in regard to large Copepoda (I think it was 


Anomalocera on that occasion, and the locality was further north, 
D 
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off Skye), splashing on the surface so as to give the appear- 
ance of fine rain ; and this present occurrence at once reminded 
me of the former occasion, but here the Copepod was Calanus 
jfinmarchicus of large size and in extraordinary abundance. — 
They could be clearly seen with the eye on leaning over the side 
of the boat, a small glass collecting jar dipped at random into 
the water brought out twenty to thirty specimens at each dip, 
and a coarse grit-gauze tow-net of about 30 cm. in diameter 
caught about 20 cubic centimetres of the Copepoda in five 
minutes. The mackerel were obviously darting about, 
occasionally leaping to the surface (which gave the gulls their 
opportunity) where the whirls, caused by the Copepoda, were 
thickest, and an examination of the stomach-contents of the 
fish on the yacht afterwards showed us that the amount in one 
mackerel was about the same quantity as that caught by the 
tow-net in five minutes. Professor Newstead and I have made 
a count of 8 c.c. of the tow-net gathering, and estimate that it 
contains about 2,400 specimens of Calanus. This would give 
about 6,000 Copepods in the stomach of an average mackerel, 
or in a five minutes’ haul of the tow-net, on this occasion. 

“Tt may be added that these mackerel were evidently not 
being nourished in accordance with the views of Piitter, and 
were clearly able to fill their stomachs from the plankton 
around them.—W. A. Herpman. S8.Y. ‘ Runa,’ Tobermory, 
Mull, July 12th.” 

This had the happy result of causing several naturalists 
to write to me privately stating that they had on occasions in the 
past had a similar, but perhaps less striking experience ; and 
the following letter to ‘‘ Nature,” from Mr. G. E. Bullen, 
formerly of the Plymouth Marine Laboratory, appeared in the 
issue of July 24th (p. 531) :— | 

“Referring to Professor Herdman’s interesting observations 
upon the above (‘ Nature,’ July 17th), I may perhaps mention 
that the mackerel-drifters, when fishing upon the usual grounds 
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around Scilly and in the Bristol Channel, are largely influenced 
in their selection of a suitable position by the finding of so- 
called ‘yellow water.’ This condition of the sea in the area 
under consideration arises from the presence of vast shoals of 
Calanoids—e.g., Calanus finmarchicus, Pseudocalanus elongatus, 
&e.—which impart a yellowish tint to the surface of the water. 
The sporadic distribution of such Copepods, moreover, is often 
somewhat remarkable ; the fishermen state that it is possible 
at times to observe the entire extent of a ‘splat’ of ‘ yellow 
water.’ The presence of mackerel is generally to be expected 
in water of this character, but heavy catches are not invariably 
made in it.—G. E. Butten. The Hertfordshire Museum, 
St. Albans.” 

The following letter to “ Nature,’’* written at Tohermory 
some weeks later, records the conclusion of the matter, so far 
as our summer observations went :— 

“On getting back to Tobermory on Saturday, we found 
the plankton to be in marked contrast to its condition four 
weeks ago (see ‘ Nature,’ p. 504). The vast swarm of Calanoids 
has gone, and there are now no signs of mackerel feeding in the 
bay. In fact, the change has been noticeable for some days 
in the seas outside, and we have not been getting lately the 
large plankton catches that were usual in the latter half of 
July. On July 14th a haul of the large surface tow-net, in the 
open sea off Ardnamurchan, gave such a huge catch of Calanus 
(about 1,000 c.c.) that we promptly took a second similar haul, 
and had it cooked as a sort of potted ‘shrimp’ confection 
for tea (sampled by ten persons, including the crew, who were 
much interested to try this new edible ‘fish’); while on 
August 11th a haul of the same net, taken at the same spot, 
gave only a small catch of some 15 c.c., containing very few 
Calanoids, along with the usual scanty summer zoo-plankton. 


* Nature, August 21st, 1913, p. 636. 
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I have not yet seen any statistics of the mackerel fishery, but 
should not be surprised if this proves to be an exceptionally 
good year in this neighbourhood, especially in July. 

“T have only just received ‘Nature’ for the last few 
weeks, and am glad to read Mr. G. EH. Bullen’s further remarks 
(p. 531) upon swarms of Calanoids and the fisheries. His 
excellent work—along with that of Dr. Allen—on the connection 


Fic. 15.—Large Nansen net and Plankton Gatherings. 


between mackerel and Calanus and sunshine in the English 
Channel, some years ago, is valued as the type of observational 
and statistical work that is required for the investigation of 
many fishery problems.—W. A. Herpman. S8.Y. ‘ Runa,’ 
off Island of Eigg, August 12th.” 
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“Figure 15 shows the large ‘“‘ Nansen” tow-net used in 
this work, and the three collecting jars to the right show very 
large hauls of Copepod zoo-plankton, consisting almost wholly 
of Calanus finmarchicus, and amounting to 1,700 c.c., 1,000 c.c. 
and 900 c.c. respectively. The largest of these hauls has been 
calculated to contain at least half-a-million individuals. 


len SEA-PENS. 


_ Amongst the bottom-living animals dredged from the 
“ Runa” this year were all the three British Pennatulida or 
“Sea-pens ’—viz., Pennatula phosphorea, Virgularia mirabilis 
and Funiculina quadrangularis, and this gave us the opportunity 
of watching the phosphorescence of the first and last of these, 
which are certainly amongst the most brilliantly luminous of 
marine animals. 

We dredged Fumculina quadrangularis (fig. 16) in quantity 
in the Firth of Lorn, and then a couple of weeks later we 
found both Funiculina and Pennatula in the entrance to Loch 
Sunart, opposite Tobermory. As a result the following 
letter was sent to “ Nature ”’* :— 

“Professor Newstead and I have had two of the few 
British Pennatulida—Pennatula phosphorea and Funiculina 
quadrangularis— phosphorescing ’ to-day before our eyes, so 
it may be worth recording the impressions while they are fresh. 
Pennatula phosphorea, as its name indicates, has long been 
known to emit light, and, writing from memory, I think 
Sir Wyville Thomson, in his ‘ Depths of the Sea,’ refers to the 
“lilac phosphorescence of Pavonaria’ (=Funiculina). Professor 
Newstead and I have just seen the colour and distribution of 
the light very clearly ina makeshift dark room (the lazarette of 
the yacht), and also on the deck at midnight. In Funiculina 
the distribution of the luminosity is very curious and quite 
different from that of Pennatula. There are many distinct 


* Nature for August 7th, 1913, p. 582 ‘* Phosphorescence of Pennatulida,” 
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sparkles over the polype-bear- 
ing part of the colony (corre- 
sponding, no doubt, to the 
individual polypes), but the 
long, bare lower part of the 
stem, 9 in. to a foot in length, 
when gently stroked in the dark 
glows with a continuous sheet 
of lght of (it seems to me). a 
pale green colour which flickers 
or pulsates like a lambent flame. 
The light on this bare part of 
the colony is certainly more 
intense than that of the polypes, 
and is the most brilliant ‘ phos- 
phorescence’ I have seen in 
any marine animal. I have not 
seen Pyrosoma alive, but I 
imagine from the descriptions 
it may be even more brilliant 
than Funiculina. 

“In Pennatula, on the 
other hand, the light appears 
to be restricted to the polypes. 
I have not been able to excite 
any luminosity in the stem 
portion of the colony, but the 
illumination of the polypes is 
very general and _ beautiful— 
more general and more lasting 
than the sparkles that the 
polypes give in Funiculina. 


¥ 
’ 
igs 
? 
x 
¥ 
§ 
$ 
4 
4 
? 
> 
? 
% 
Pi 
= 
% 
} 
3 
4 
§ 


even 
Bet seg 


a eee 
Fe a 


Fia. 16.— 
Funiculina quadrangularis 
[From a photograph. 
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“Professor Hickson, in a letter just received, asks me, if 
possible, to observe phosphorescence of the other British 
Pennatulid, Virgularia mirabilis. I have not yet succeeded in 
dredging Virgularia here, but it ought to be found in these 
waters, and probably when examined alive in the dark will show 
some degree of phosphorescence like its two relations referred 
to above. | 

“We have been able to get detailed colour notes of the 
living Funiculina, and some photographs of polypes extended 
to nearly an inch in length, which we hope may be useful.— 
W. A. Herpman. 8.Y.‘ Runa,’ Loch Sunart, N.B., July 26th.” 


Fic. 17.—Polypes of Funiculina quadrangularis, expanded in Sea-water. 
[Photo. by Prof. R. Newstead. 


Figure 16 shows the elongated cane-like colonies of 
Funiculina. Figure 17 is from a photograph, taken by 
Professor Newstead of the expanded polypes of Funiculina, as 
seen in a glass tube filled with sea-water; and fig. 18 shows 
similarly a photograph of some fine specimens of Pennatula, 
fully expanded in a jar of sea-water. Curiously enough when 
we did find Virgularia it showed no phosphorescence whatever 
when treated in the same way as small colonies of Funiculina 
which were dredged at the same time. My answer then to 
Professor Hickson’s question is—that Virgularia mirabilis of 
our seas is not luminous. 
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THE HEBRIDEAN GREEN SynTETHYS (Diazona violacea). 


It will be remembered that in last year’s report we 
described a rare and interesting compound Ascidian colony 
which is bright green when alive and becomes of a beautiful 
violet mauve tint when preserved in alcohol. I am probably 
correct in saying that until last year only two specimens of 


Fic. 18.—Pennatula phosphorea, alive in a jar of sea-water : natural size. 
[Photo. by Prof. R. Newstead. 


this rare animal from the Hebrides were known to science, the 
first one found by Prof. Edward Forbes off the Croulin Islands 
in 1850, and a second dredged by the late Duke of Argyll off 
the North of Mull in 1884. We got one good colony in the 
summer of 1912 off Barra Head, in the open Atlantic, and 
some small fragments further north, in the Minch. This year 
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I determined to make a thorough search all around the Croulin 
Islands, the original locality ; and after some disappointing 
hauls, on mud, round the south and east, we came upon a 
shell-bank (no doubt Forbes’s spot) lying to the north at a 
depth of 20 to 30 fathoms and there, as the result of several 
days’ dredging, we collected over 30 fine colonies and some 
fragments—all green when alive and all violet now when 
preserved in alcohol. 

This abundance of fresh material enabled us on the yacht 
to make some observations on the living animal (see fig. 19) 


Fic. 19.—Diazona violacea, when alive, the ‘‘ Syntethys”’ of Forbes. 


and its curious changes of colour. It is a pale translucent 
green when first taken from the sea, and then becomes of a 
much more vivid and opaque green, then a darker blue-green, 
and finally, after living for a few days in the bright sunlight of 
a shallow basin on deck, becomes, round its edges, of a dull 
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slate-blue, not unlike “‘Stephen’s blue-black” ink when freshly 
blotted, with here and there a slight violet or purplish tint. 

The new material has also enabled Dr. Alfred Holt to 
carry further his chemical investigation of the nature of the 
pigment; and he finds that, from the absorption spectrum 
and other characters, the pigment in the purple portion is very 
similar to the indigo derivative which has been obtained by 
Friedlander from the gastropod mollusc Murex brandaris. The 
green colour, Dr. Holt considers, may be due to varying 
amounts of this blue purple pigment being dissolved in a yellow 
oil which he finds in the unaltered central portion of the 
colony. Dr. Holt’s work is still in progress. 


Bro-CHEMICAL RESEARCHES. 


Professor B. Moore, F.R.S., has drawn up the following 
“Report on Bio-Chemical investigations carried on at the 
Port Erin Biological Station during the years 1912-13 :— 

‘The research work carried out has been mainly concerned 
with three important problems, viz. :— 

“(I.) The réle of glycogen, lecithides and fats in the 
reproductive organs of Echinoderms, and on the nature and 
properties of the basic and acidic proteins of the sperm of 
Echinus esculentus, along with direct measurements of osmotic ’ 
pressure of the protamine or histone constituent. 

‘‘ (II.) Seasonal variations in the alkalinity of sea-water, 
accompanied by determinations of the hydrogen-ion concentra- 
tion, in relation to the metabolism and seasonal balance of 
marine organisms, plant and animal. 

‘“‘(JII.) Observations of the metabolism and rate of 
oxidation in large marine animals, chiefly crustaceans and 
fishes. 

«< These researches have involved a large amount of work 
by several different observers both at Port Erin and afterwards 


 ————. 
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_ inthe Johnston Bio-Chemical Laboratory at the University, 


Liverpool. The list of workers includes Professor B. Moore, 
Mr. E.S. Edie, Mr. HE. Whitley, Dr. A. Adams, Mr. W. H. Evans, 
Dr. EK. B. R. Prideaux, Mr. G. A. Herdman and Mr. A. Webster. 

«(J.) The results of the first series of researches were 
published in two papers in the Bio-Chemical Journal, Vol. VII., 
No. 2, March, 1913 ; and the conclusions from the work, which 
extended over a period of more than a year, may be summarised 
as follows :— 

«‘(1.) Both male and female reproductive glands in Echino- 
derms contain large amounts of reserve metabolic products, 
such as glycogen, fats and lecithides. 

«< (2.) These reserves are only slowly used up, if at all, 
when the animal is deprived of food. 

«(3.) In a reproductive gland richly stored with glycogen 
no sugar formation occurs on keeping after death, even in a 
period of two days, showing that no ferment such as 1s found 


‘in the mammalian liver can be present. 


«©(4.) The amount of food consumed is much greater than 
that required to cover the daily metabolic wants of the animal, 
and is largely stored in the reproductive glands during the 
resting period, but it has not yet been possible to trace the 
utilisation of this at the active reproductive season. 

«(5.) The fatty constituents of the reproductive organs of 
the Echinoderm are highly unsaturated, and resemble in this 
respect the liver oils of mammals. 

«The second paper of this series deals, for the first time, 
with the osmotic properties of the interesting class of histones 
(found peculiarly in reproductive organs), and shows that a 
definite osmotic pressure is obtained indicating a solution- 


_ageregate with a molecular weight lying between 8,000 and 


9,000. This shows that the histones le, in molecular com- 
plexity, between other acidic proteins such as caseinogen, and 
the coagulable proteins present in the serum and egg-albumen. 
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‘¢ (II.) The second series of researches dealt with the import- 
ant observation that the hydrogen-ion concentration of sea- 
water determining its degree of akalinity or acidity does not 
remain constant throughout the year, but varies with the 
relative activities of vegetable and animal es and acts 
as an index to these activities. 

‘There are two maxima of alkalinity, or minima of 
hydrogen-ion concentrations, corresponding (with a slight lag 
in time) to the two seasonal outbursts of diatoms. 

“The change observed indicates a synthesis at these 
seasons of some tons (per acre of sea-water) of organic vegetable 
matter for the nutrition of the animals. | 

‘The green plant or diatom breaks up the bi-carbonates 
present in sea-water, and synthetically forms organic com- 
pounds. The amount of the removal of carbon-dioxide is 
shown by the increase in alkalinity. A portion of green plant 
placed in sea-water and exposed to sunlight causes this decom- 
position with remarkable rapidity. The rise in alkalinity is a 
surprising one, and it has been shown that it has a very definite 
end-point, namely that the plant continues its activity up to 
the limit at which all bi-carbonates have been converted into 
normal carbonates and then ceases. At this level the alkalinity 
is equivalent to that of a deci-normal solution of alkaline 
sodium phosphate (Na,HPO,), and is outside the limits on the 
Sérensen scale of even phenol-phthaléein as an indicator. 

‘‘In the open sea the amount of vegetation is not, of 
course, sufficient to drive the reaction to this limit ; if it were, 
the alkalinity would probably be sufficient to kill all the animal 
plankton in the water. It is noteworthy that the spring 
increase in alkalinity is just of the grade formerly shown by 
Moore, Roaf and Whitley to be most favourable to rapidity of | 
subdivision in the initial stages of development of the eggs of 
Kchinus. 


MARINE BIOLOGICAL STATION AT PORT ERIN. 65 


‘The variations in reaction have now, during periodical 
visits to Port Erin and by means of samples of water sent over 
to Liverpool, been followed throughout the circuit of the year. 
The hydrogen-ion concentration has also been carefully con- 
trolled by the electrode method by Dr. Prideaux, and the results 
are now being put together for publication. 

« (III.) The respiratory exchanges in crustacea and fishes, 
which had previously been observed over short periods not 
exceeding 48 hours, have now been estimated over periods of 
several weeks, and in some cases lobsters have been kept under 
experimental observation for several months. This work 
demands a great deal of labour, both in making the daily 
chemical experiments, and also afterwards in calculating out 
the results; but the task 1s now nearing completion and 
important data will be obtained thereby as to habits of life 
and the daily demand for nutrition in such animals. The daily 
output of carbon-dioxide and uptake of oxygen have been 
determined, and the quantities of protein, fat, and carbohydrate 
in the total animal of given body-weight, at the beginning and 
end of the prolonged period of the experiment, have now been 
carefully estimated. 

«The main part of the expense of the above series of 
investigations has been met by grants from the Trustees 
of the Percy-Sladen Memorial Fund, to whom a full report 
upon the details of the work with statement of results will be 
presented in due course.” 


PLANKTON INVESTIGATIONS AT Port ERIN. 


The plankton work has been carried on in much the same 
way for the last six years, with the help of various Assistants, 
from the §.Y. “ Runa” out at sea during the Haster and 
Summer vacations, and across Port Erin Bay in small boats 
during the rest of the year. 
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In all, about 400 samples have been collected from Port 
Erin and the neighbourhood during the year, in addition to 
those from other parts of the Irish Sea. A detailed account 
of the plankton results will be given, as usual, by Mr. Scott 
and myself in the Lancashire Sea Fisheries Laboratory Report. 

Last year (1912) the plankton hauls in the Irish Sea were 
exceptionally large, some nettings in April containing as many 
as 36 millions of one species and 44 millions of another species _ 
of the diatom genus Chaetoceras, while one haul on May 30th 
contained over 107 millions of Rhizosolenia shrubsoler. In the 
present year (1913) the numbers generally were lower, and no 
exceptionally large hauls were obtained. The diatom maximum 
was in May and was largely composed of 3 species of Chaetoceras 
(C. debile, C. sociale and C. teres). The genus Thalassioswra, 
which appeared in April at Port Erin, increased to 63 millions 
per haul by the middle of May and died off a month later in 
June. 

Rhizosolenia was the chief diatom presentin Juneand July, - 
beginning with R. shrubsoler which was replaced later by 
R. stolterfothi. In the September maximum the chief diatoms 

were Chaetoceras decipiens, C. debile and C. densum. 

The summer maxima of both the Copepoda and the 
Dinoflagellata occurred in July. 

Early in July there was a great visitation of the Ctenophore 
Pleurobrachia pileus (see fig. 20) all along the Lancashire coast ; 
and Mr. Scott found that a sample of mackerel caught on 
July 8th off Walney Island contained nothing but Pleurobrachia 
in the stomachs. A fortnight earlier in the same region the 
mackerel were feeding mainly on Copepoda, one examined 
having a pure gathering of Temora, while others had Sagitta, 
Oikopleura and larval decapods. It is evident that fish like 
herring and mackerel although they may be attracted by some 
special organism, like Calanus, are able to a considerable extent 
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to take what comes, and consequently are found feeding now 
upon one thing and now upon another. 

At the time, early in July, when Mr. Scott was finding the 
sea off the Lancashire coast swarming with Pleurobrachia to 
such an extent that a 5 minutes’ haul choked the tow-net, on the 
West Coast of Scotland, off Mull, we found the plankton almost 
wholly composed of Copepoda, and especially of Calanus 
jinmarchicus. 
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Fic. 20.—A remarkable Plankton haul of the Ctenophore, Plewrobrachia pileus : 
natural size. [Photo. by Mr. A. Scott. 


THe UTILIty OF PLANKTON INVESTIGATION. 


It must be obvious to those who read these Annual Reports 
that a good deal of our work at Port Erin of late years has con- 
sisted in series of observations, and the collection of samples, for 
the purpose of determining the nature and distribution of the 
plankton at different localities, depths and seasons. Conse- 
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quently, it may be of interest that I should print here a few 
paragraphs from an article that was drawn up for last year’s 
report on the Lancashire Sea Fisheries scientific investigations 
for the purpose of showing what was known of the connection 
between plankton distribution and the occurrence of fisheries. 

Many of the older naturalists worked at marine plankton 
qualitatively, and even connected the prevalence of certain 
organisms with the prosperity of sea-fisheries; but modern 
instruments and methods of precision, such as might be 
expected to prove quantitatively the influence of variations in 
the type and amount of plankton, at different seasons and 
depths, upon the movements and abundance of fishes, have 
only been employed of recent years, and it is still too early to 
expect much in the way of demonstrated result. However, 
some data have been obtained which are full of promise for the 
future. “Ue 
Many commercial fishes feed upon plankton during at least 
some portion of their life. The Loch Fyne herrings are fre- 
quently, at the time of a fishery, found to have their stomachs 
filled with Nyctiphanes, Euchaeta or Calanus. In some parts 
of the Hebridean seas the herrings have their stomachs filled 
with the Pteropod Limacina retroversa, and other oceanic 
organisms which may be carried in swarms into our coastal 
waters. Many other similar cases could be quoted, and are 
known to biologists. 

Then as to demersal fish—young plaice, after their meta- 
morphosis, feed chiefly on Copepoda, while in younger stages 
the larval plaice feeds upon Diatoms. We have found at Port 
Erin the post-larval plaice with its stomach shining through of a 
golden-brown colour from the Diatoms with which it was filled, 
and we have watched in a shallow pond the metamorphosed 
small plaice darting backwards and forwards pursuing, catching 
and devouring the individual Copepoda. Then again it has 
been shown that these Copepoda in their turn feed on 
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Diatoms, Dinoflagellates and Protozoa. So practically all the 
main constituents of the plankton are concerned in the nourish- 
ment of either young or adult fishes. On the Lancashire coast 
we find the young plaice which are just appearing in the inshore 
nurseries have their stomachs filled with pelagic larval annelids. 

The Pollan (Coregonus pollan) of Lough Neagh, in Ireland, 
has been shown to be on some occasions filled up with Mysis 
relicta, and at other times to be feeding solely on Cladocera ; 
and there is reason to believe that the movements of the fish, 
which are extensive and periodic, can be definitely related to 
the presence and nature of the plankton. 

Dr. Hjort has shown a correspondence between the 
distribution of the plankton-feeding whales (such as the 
Greenland whale) and the most abundant swarms of plankton 
at particular seasons. Professor G. O. Sars and others, in 


_ tracing shoals of herring and cod in the North and West of 


Norway, have distinguished between the “ feeding ”’ migrations 
and the spawning migrations, and the feeding migrations depend 
upon the plankton. 

It seems, probable that, in order to get an adequate 
quantity of planktonic food the fish, in most cases, must seek 
out and capture the Copepoda, for example, just as fish on 
occasions have been seen to do. In other words, the fish must 
20 where the plankton is abundant, and must in its migrations 
follow the movements of shoals of plankton. It is the very 
poverty of the plankton in some sea areas, insisted on by 
Piitter, Lohmann and others, which makes it necessary for 
plankton-eating fish to move about in search of more abundant 
supplies. 

This association of shoals of fish with abundance of 
plankton is in agreement with many observations that have 
been made by naturalists in the past. It is well known that in 
coastal waters favourite line-fishing localities are usually where 
strong tides run through narrow channels or over rocks and 
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banks, and these are just the places where of recent years it has 
been found that plankton is also most abundant. 

Any naturalist cruising on the West of Scotland (and no 
doubt in any other region where there are strong tides) could 
scarcely fail to notice the way in which the gulls and other 
sea-birds congregate where the currents run most strongly and 
where there are swirls in the water, indicating rocks or an 
uneven bottom, and resulting vertical movements of the water. 
These sea-birds are found to be feeding upon young fish, and 
the fish are there because the plankton is unusually abundant. 

A definite connection seems to have been established on 
the coast of Cornwall, by Allen and Bullen, between the results 
of the mackerel fishery and the occurrence of Calanus in the 
plankton. There is some evidence that on the West coast of 
Scotland there is a similar connection between herring shoals 
and abundance of Calanus.* The matter is well worthy of 
further investigation. | 

Many groups of the plankton, and especially the zoo- 
plankton, it is now known quite definitely, are distributed in 
swarms—notwithstanding various assertions to the contrary. 
In our coastal seas at least, where the fisheries we are interested 
in take place, the plankton is not uniformly distributed. 
Various localities and depths are characterised at different 
seasons by particular assemblages of plankton, and it is reason- 
able to believe, in view of the facts given above as to the 
association of fish and plankton, that these variations in the 
distribution must have a marked effect upon the presence and 
abundance of at least such fish as herring and mackerel, and 
also of the shoals of post-larval young cf many valuable 
demersal fishes. ( 

There is a method about the detailed distribution of the 
plankton that convinces one it must depend upon laws or factors 


* See also the connection between Mackerel and Calanus given in 
this report at p. 52. 
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which can probably be ascertained, and thus lead to the 
possibility of correlation with prediction within limits. 

Observations made by Nansen and Helland-Hansen, in 
1909, showed that variations in the Atlantic currents have an 
important influence upon the physical conditions not only of 
the Norwegian sea, but also of the atmosphere and the climate 
on land, and so upon the development of both marine and 
terrestrial life. It was shown that variations in the temperature 
of the Atlantic water were followed by corresponding variations 
in the winter climate of Norway, in the fisheries of the North 
Sea and at Lofoten. There was, moreover, a remarkable 
correspondence between the annual variations in the Atlantic 
surface temperatures in May and the variations in the harvests 
and even in the growth of the pine forests in Norway. As the 
Prince of Monaco puts it :—‘‘ Le plankton est, en effet, un 
véritable ‘ témoin ’ des phénoménes physiques qui s’accomplis- 
sent dans l’océan.”’ And M. Chigny, of the Station Aquicole 
at Boulogne, has shown that the enormous banks of herrings 
which have been trawled from the bottom at several localities 
round the British Islands of late years, cannot be correlated 
with any peculiarity of bottom nor depth, nor even with 
temperature and salinity, but are on the borders where the 
Atlantic and the coastal waters meet, and where the oceanic 
water has brought in an unusual supply of plankton—such as 
the Pteropod Limacina retroversa. The Swedish and Danish 
hydrographers have similarly established that there is a direct 
connection between the Bohuslan herring fishery and the 
invasion of the Skaggerrak by salter water from the North Sea 
meeting and pushing back the less salt Baltic water. 

That different currents or bodies oi water in the sea differ 
very notably in their plankton is well known to biologists who 
have tested the matter. For example, in crossing the Atlantic 
to Canada one can tell to a nicety, even by means of a small silk 
net attached to a bath tap on a passenger steamer, when the 
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ship has entered the Labrador current. The catch of plankton 
is suddenly increased enormously, and consists of an entirely 
different assemblage of organisms ; and this abundant plankton 
is probably definitely related to the great fisheries on the 
Newfoundland Banks. 

Observations in the Irish Sea and on the West of Scotland 
have shown that the plankton at a locality may fluctuate, both 
in amount and essential nature, from year to year; and 
although a definite relation between these fluctuations and the 
variations in the distribution and catches of fish has not yet — 
been established, it is reasonably probable that a fuller and 
more detailed knowledge of both will enable a correlation to be 
demonstrated. } 

It is clear then that there are definite relations between 
fishes and plankton organisms, and that it seems possible with 
fuller data to correlate some of the movements of fish with the 
distribution of plankton. There is thus a reasonable probability 
that an increased knowledge of the minute life of the sea may 
be directly useful in connection with the regulation of fishing 
industries. | 

Plankton investigation in relation to the fluctuations of 
fisheries is now being carried on throughout the seas of North- 
west Europe, and it has been decided by the International 
Council for the organisation of the work that the nets to be 
used for this purpose should be :— 

(1) Medium Apstein, gauze No. 20 [180 meshes per inch] 
diameter of opening 16 cm. 

(2) Nansen net, gauze No. 3 [55 meshes per inch] diameter 
of opening 50 cm. 

And these special nets, we at Port Erin, like other investi- 
gating bodies, will certainly have to use in the future for our 
statistical observations. 4 

One of the resolutions of the International Council in 
connection with this work is, naturally, that :— 
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“ With a view to determining the relation of plankton and 
fishes, simultaneous examination should be made of the 
stomach contents of pelagic fish and the plankton in the 
surrounding waters.”’ 

In pursuance of this policy we have started at Port Erin 
the investigation of the plankton and fish occurring in associa- 
tion with the summer Port St. Mary herring fishery, which is 
being carried out by Mr. Bygrave (see above, p. 37) ; and it was 
with the same object in view that we examined into the relations 
of the mackerel and Calanus around Tobermory during the 


eruise of the “ Runa”’ (see p. 52). 


Fia 21.—Over 50 Dog-fishes caught in an hour with hook and line from 
the ‘* Runa,’’ in Loch Sunart, 
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The diagram of sea and air temperatures for 1913, compiled 
by Mr. Chadwick from his daily records, is not yet completed ; 
but those for the two preceding years, 1911 and 1912, are 
inserted here to show the general similarity of the two curves 
along with a few points of divergence, and to demonstrate again 
the manner in which the temperature of the sea lags behind 
that of the air in both winter and summer. 

Judging from the time of appearance and the maxima of 
most of the plankton groups, 1912 was an unusually early year. 
The Diatoms made their appearance in quantity earlier, and the 
maxima of the Dinoflagellates and the Copepods were about a 
month earlier than in 1911. Although 1911 had an unusually 
hot and dry summer, it was not until late im April that the 
temperature of the sea rose above 45° F., while in 1912 the sea- 
temperature was 45° or over from the end of February onwards. 

The annexed charts show the contrast between the two 
years very clearly. 


L.M.B.C. MEmorrs. 


Since our last report was published, Memoir XXI on 
Kupacurus, the Hermit Crab, by Mr. H. G. Jackson, M.Sc., 
has been issued to the public. Miss E. L. Gleave, M.Sc., has 
nearly completed her Memoir on Doris, the Sea-lemon ; 
Mr. Chadwick is engaged on a Memoir on the Hchinoderm 
Larve of Port Erin; and still others are in preparation. 

The following shows a list of the Memoirs already published 
or arranged for : 


I. Ascrpta, W. A. Herdman, 60 pp., 5 Pls. 
II. Carpium, J. Johnstone, 92 pp., 7 Pls. 
III. Ecutnus, H. C. Chadwick, 36 pp., 5 Pls. 
IV. Coprum, R. J. H. Gibson and H. Auld, 3 Pls. 
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. Atcyonium, 8. J. Hickson, 30 pp., 3 Pls. 

. LEPEOPHTHEIRUS AND LERN@A, A. Scott, 5 Pls. 

. Lingus, R. C. Punnett, 40 pp., 4 Pls. 

. Puatce, F. J. Cole and J. Johnstone, 11 Pls. 

. CHonpRuS, O. V. Darbishire, 50 pp., 7 Pls. 

. Patria, J. R. A. Davis and H. J. Fleure, 4 Pls. 
. ARENICOLA, J. H. Ashworth, 126 pp., 8 Pls. 

. GAMMARUS, M. Cussans, 55 pp., 4 Pls. 

. AnurIDA, A. D. Imms, 107 pp., 8 Pls. 

. Lieta, C. G. Hewitt, 45 pp-, 4 Pls. 

. ANTEDON, H. C. Chadwick, 55 pp., 7 Pls. 

. Cancer, J. Pearson, 217 pp., 13 Pls. 

. Pecten, W. J. Dakin, 144 pp., 9 Pls. 

. Evepone, A. Isgrove, 113 pp., 10 Pls. 

. PotycHart Larva, F. H. Gravely, 87 pp., 4 Pls. 
. Bucctnum, W. J. Dakin, 123 pp., 8 Pls. 


. Eupacurvs, H. G. Jackson. 


EcutnopEerm Larva, H. C. Chadwick. 
Doris, E. L. Gleave. 

Sacitta, S. T. Burfield. 

AoriniA, J. A. Clubb. 

ZOSTERA, R. Robbins. 

HaLicHoNpDRIA AND Sycon, A. Dendy. 
OysteR, W. A. Herdman and J. T. Jenkins. 
SABELLARIA, A. T. Watson. 

OstTRACOD (CYTHERE), A. Scott. 

Asterias, H. C. Chadwick. 


BotryLLoipes, W. A. Herdman. | 
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In addition to these, it is hoped that other Memoirs will be 
arranged for, on suitable types, such as Pontobdella, a Cestode, 
a, Nematode and a Pycnogonid. 


We append to this Report :— 


(A) The usual Statement as to the constitution of the L.M.B.C., 
and the Laboratory Reeulations—with Memoranda 
for the use of students ; 


(B) The Hon. Treasurer’s Report, List of Subscribers, and 
Balance Sheet for the year. 


Fic. 22.—Two Nestlings of Red-breasted Merganser first day after 
o o . 
hatching. From nest on island near Bunessan, Loch Scriddain, Mull, 


[Photo. by Prof. R. Newstead. 
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APPENDIX A. 


THE LIVERPOOL MARINE BIOLOGY 
COMMITTEE (1913). 


His ExcELLENCY THE Ricut Hon. Lorp Racuan, Lieut.- 
Governor of the Isle of Man. 

Rr. Hon. Sir JoHN BRUNNER, Bart. 

Pror. R. J. Harvey Gipson, M.A., F.L.S., Liverpool. 

Mr. W. J. Haus, Liverpool. 

Pror. W. A. Herpman, D.8c., F.R.S., F.L.8., Liverpool. 
Chairman of the L.M.B.C., and Hon. Director of the 
Biological Station. 

Mr. P. M. C. Kermopz, Ramsey, Isle of Man. 

Pror. BENJAMIN Moors, F.R.S., Liverpool. 

Str CHARLES Perrin, Liverpool. 

Mr. E. THompson, Liverpool, Hon. Treasurer. 

Mr. A. O. Waker, F.L.S., J.P., formerly of Chester. 

Mr. ARNOLD T. Watson, F.L.S., Sheffield. | 


Curator of the Station—Mr. H. C. Coapwicx, A.L.S. 
Assistant—Mr. T. N. CREGEEN. 
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CONSTITUTION OF THE L.M.B.C. 


(Established March, 1885.) 


I—The Ossecr of the L.M.B.C. is to investigate the 
Marine Fauna and Flora (and any related subjects such as 
submarine geology and the physical condition of the water) of 
Liverpool Bay and the neighbouring parts of the Irish Sea and, 


if practicable, to establish and maintain a Biological Station on 


some convenient part of the coast. 
I].—The Committee shall consist of not more than 12 


and not less than 10 members, of whom 3 shall form a quorum ; 


and a meeting shall be called at least once a year for the purpose 
of arranging the Annual Report, passing the Treasurer’s 
accounts, and transacting any other necessary business. 

III.—During the year the AFrairs of the Committee shall 
be conducted by an Hon. Director, who shall be Chairman of 
the Committee, and an Hon. TREASURER, both of whom shall 
be appointed at the Annual Meeting, and shall be eligible for 
re-election. 

IV.—Any Vacancrzs on the Committee, caused by death 
or resignation, shall be filled by the election at the Annual 
Meeting of those who, by their work on the Marine Biology of 
the district, or by their sympathy with science, seem best fitted 
to help in advancing the work of the Committee. 

V.—The Expenszs of the investigations, of the publication 
of results, and of the maintenance of the Biological Station 
shall be defrayed by the Committee, who, for this purpose, 
shall ask for subscriptions or donations from the public, and for 
grants from scientific funds. 

VI.—The Brotocicat Station shall be used primarily for 
the Exploring work of the Committee, and the SPECIMENS 
collected shall, so far as is necessary, be placed in the first 
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instance at the disposal of the members of the Committee and 
other specialists who are reporting upon groups of organisms ; 
work places in the Biological Station may, however, be rented 
by the week, month, or year to students and others, and 


duplicate specimens which, in the opinion of the Committee, | 
can be spared may be sold to museums and laboratories. | 


A quiet corner on the North shore of Port Erin Bay. 
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LIVERPOOL MARINE BIOLOGICAL STATION 
AT 
PORT ERIN. 


GENERAL REGULATIONS. 


I.—This Biological Station 1s under the control of the 
Liverpool Marine Biology Committee, the executive of which 
consists of the Hon. Director (Prof. Herdman, F.R.S.) and the 
Hon. Treasurer (Mr. E. Thompson). 

Ii.—In the absence of the Director, and of all other 
members of the Committee, the Station is under the temporary 
control of the Resident Curator (Mr. H. C. Chadwick), who will 
keep the keys, and will decide, in the event of any difficulty, 
which places are to be occupied by workers, and how the tanks, 
boats, collecting apparatus, &c., are to be employed. 

I1J.—The Resident Curator will be ready at all reasonable 
hours and within reasonable limits to give assistance to workers 
at the Station, and to do his best to supply them with material 
for their investigations. 

IV.—Visitors will be admitted, on payment of a small 
specified charge, at fixed hours, to see the Aquarium and 
Museum adjoining the Station. Occasional public lectures are 
given in the Institution by members of the Committee. 

V.—Those who are entitled to work in the Station, when 
there is room, and after formal application to the Director, 
are :—(1) Annual Subscribers of one guinea or upwards to the 
funds (each guinea subscribed entitling to the use of a work 
place for three weeks), and (2) others who are not annual 
subscribers, but who pay the Treasurer 10s. per week for the 
accommodation and privileges. Institutions, such as Univer- 
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sities and Museums, may become subscribers in order that a 
work place may be at the disposal of their students or staff for a 
certain period annually ; a subscription of two guineas will — 
secure a work place for six weeks in the year, a subscription of 
five guineas for four months, and a subscription of £10 for the 
whole year. : 

VI.—Each worker is entitled to a work place opposite a 
window in the Laboratory, and may make use of the micro- 
scopes and other apparatus, and of the boats, dredges, tow-nets, 
&c., so far as is compatible with the claims of other workers, — 
and with the routine work of the Station. 

VII.—Kach worker will be allowed to use one pint of 
methylated spirit per week free. Any further amount required 
must be paid for. All dishes, jars, bottles, tubes, and other 
glass may be used freely, but must not be taken away from the 
Laboratory. Workers desirous of making, preserving, or taking 
away collections of marine animals and plants, can make 
special arrangements with the Director or Treasurer in regard 
to bottles and preservatives. Although workers in the Station 
are free to make their own collections at Port Erin, it must be 
clearly understood that (as in other Biological Stations) no 
specimens must be taken for such purposes from the Laboratory 
stock, nor from the Aquarium tanks, nor from the steam-boat 
dredging expeditions, as these specimens are the property of the 
Committee. The specimens in the Laboratory stock are pre- 
served for sale, the animals in the tanks are for the instruction 
of visitors to the Aquarium, and as all the expenses of steam- 
boat dredging expeditions are defrayed by the Committee, the 
specimens obtained on these occasions must be retained by the 
Committee (a) for the use of the specialists working at the 
Fauna of Liverpool Bay, (6) to replenish the tanks, and (c) to 
add to the stock of duplicate animals for sale from the 
Laboratory. 
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VIII.—Kach worker at the Station 1s expected to lay a 
paper on some of his results—or at least a short report upon his 
work—hefore the Biological Society of Liverpool during the 
current or the following session. | 

IX.—AIl subscriptions, payments, and other communica- 
tions relating to finance, should be sent to the Hon. Treasurer. 
Applications for permission to work at the Station, or for 
specimens, or any communications in regard to the scientific 
work should be made to Professor Herdman, F.R.S., University, 
Liverpool. 


Cairn-a-burgh More from natural arch on Cairn-a-burgh Beg, Treshnish Isles. 
(Photo. by W. A. H. 
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MEMORANDA FOR STUDENTS AND OTHERS WORKING AT THE 
Port ERIN BIOLOGICAL STATION. 


Post-graduate students and others carrying on research 
will be accommodated in the small work-rooms of the ground 
floor laboratory and in those on the upper floor of the new 
research wing. Some of these little rooms have space for two 
persons who are working together, but researchers who require. 
more space for apparatus or experiments will, so far as the 
accommodation allows, be given rooms to themselves. 

Undergraduate students working as members of a class 
will occupy the large laboratory on the upper floor or the front 
museum gallery, and it is very desirable that these students 
should keep to regular hours of work. As a rule, it is not 
expected that they should devote the whole of each day to work 
in the laboratory, but should rather, when tides are suitable, 
spend a portion at least of either forenoon or afternoon on the. 
sea-shore collecting and observing. 

Occasional collecting expeditions are arranged under 
guidance either on the sea-shore or out at sea, and all under- 
graduate workers should make a point of taking part in these. 

It is desirable that students should also occasionally take 
plankton gatherings in the bay for examination in the living 
state, and boats are provided for this purpose at the expense of 
the Biological Station to a reasonable extent. Students desiring 
to obtain a boat for such a purpose must apply to the Curator 
at the Laboratory for a boat voucher. Boats for pleasure trips 
are not supplied by the Biological Station, but must be provided 

“by those who desire them at their own expense. : 

Students requiring any apparatus, glass-ware or chemicals 


from the store-room must apply to the Curator. Although the 
Committee keep a few microscopes at the Biological Station, 


ee 
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these are mainly required for the use of the staff or for general 
demonstration purposes. Students are therefore strongly 
advised, especially during University vacations, not to rely 


upon being able to obtain a suitable microscope, but ought if 


possible to bring their own instruments. 
Students are advised to provide themselves upon arrival 


with the “ Guide to the Aquarium ”’ (price 3d.), and should each 


also buy a copy of the set of Local Maps (price 2d.) upon which 
to insert their faunistic records and other notes. 

Occasional evening meetings in the Biological Station for 
lecture and demonstration purposes will be arranged from time 
to time. Apart from these, it 1s generally not advisable that 
students should come back to work in the laboratory in the 
evening ; and in all cases all lights will be put out and doors 
locked at 10 p.m. When the institution is closed, the key can 
be obtained, by those who have a valid reason for entering the 
building, only on personal application to Mr. Chadwick, the 
Curator, at 3, Rowany Terrace. 


Sea-birds on the Skear at the mouth of Port Hrin bay. 
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APPENDIX B. 


HON. TREASURER’S STATEMENT. 


In the following pages the Balance Sheet and list. of 
subscriptions and donations are shown. Year by year the 
expenses at Port Erin increase owing to the greater number 
of students that work at the Biological Station, and also to 
the increased amount of work that is done there. There 
is, therefore, a greater necessity for increased support, either 
by annual subscriptions or by special donations in order to 
enable the Committee to open up further fields of useful 
work and research. | 


There is a useful library at the Port Erin Biological 
Station for use of students and other workers, and any 
donations, either of books or money, will be most appreciated. 


We have again this year received a Grant from the 
Board of Agriculture for research work, some of which has 
been spent in Lobster Rearing. Full particulars of this are 
given in the report. 

Epwin ‘T'Hompson, 
Hon. Treasurer. 


25, Sefton Drive, 
Liverpool. December 20th, 1918. 
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SUBSCRIBERS. 


Browne, Edward T., B. A. Gee Berkhamsted, 
Herts. : 


Brunner, Mond & oe. Racial: iy; ie 

Brunner, Rt. Hon. Sir John, ssh Silverlands, 
Chertsey 

Brunner, J. EF. L. MP., 93, Weatherly Cries 
London, S. W. ip 


Brunner, Roscoe, Belmont Hall, iecih wed 
Caton, Dr., 78, Rodney-street, Liverpool ... 
Clubb, Dr. J. A., Public Museums, Liverpool 
Cole, Prof., University College, Reading ... 
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Dale, Sir Alfred, University, Liverpool 
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Hickson, Prof., F. R. S., University, Weck 
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, Forward... 
Muspratt, Dr. E. K., Seaforth Hall, Liverpool 


O'Connell: De: J. HL. Dunloe, Heathfield-road, 
Liverpool 


Petrie, Sir Charles, Danan ee Tine ncaa 
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Robinson, Miss M. E., Holmfield, Aigburth, L’pool 
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SUBSCRIPTIONS FOR THE Hire oF ‘‘ WorK-TABLES.’ 


Victoria University, Manchester ... x ch DSI ON, 
University, Liverpool sie fe x op LO) ORO 
University, Birmingham ... a 4s Pee OMETO SETS, 
University College, London be im ae ae OO 
Bedford College for Women, London ae ZO) 
University College, Reading Ree we ae 2 5220 
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Deduct Subscriptions still unpaid Jess 1912 

Subscriptions paid tas a ee 4 4 0 

Soo. iO 

ae SS 

DoNATIONS. 

Bullen, Mrs. R. A. “oe ty He re eae Gy ae ee 
Stebbing, Rev. T. R. R. ... bis ses — dete Roe, 
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REPORT ON THE INVESTIGATIONS CARRIED 
ON DURING 19138 IN CONNECTION WITH THE 
LANCASHIRE SEHEA-FISHERIES LABORATORY AT 
THE UNIVERSITY OF LIVERPOOL, AND THE 
SEA-FISH HATCHERY AT PIEL, NEAR BARROW. 
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EDITED BY 
Prorressor W. A. HERDMAN, F.RS., 


Honorary Director of the Scientific Work. 


(With plates, charts and text figures.) 


CoNTENTS. 
Introduction. By W. A. Herdman - - - - = 
Sea-Fish Hatching at Piel. By A. Scott - : - - 
Classes, Visitors, &c., at Piel. By A. Scott - - - 
The Mackerel Fishery off Walney in 1918. By A. Scott - 
On the Pelagic Fish Eggs collected in 1913. By A. Scott - 


. Diseases and Parasites of Fishes. By Jas. Johnstone - : 


Plankton of the Periodic Cruises. By Wm. Riddell - - 
Report on Plaice Measurements. By Jas. Johnstone - - 


Experiments with Marked Fishes. By Jas. Johnstone and 
T. Monaghan - = : z 3 s = 


Report on the Teen Observations. By H. Bassett - 


Plankton of the West Coast of oem ate IV. Eye W.A. 
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INTRODUCTION. 


As in the case of last year’s Report, Dr. Johnstone 
and Mr. Riddell deal with various sections of their work 
under the Scheme of Fishery investigation sanctioned by 
the Development Commission and the Board of Agricul- 
ture and Fisheries. The remaining articles in this Report 
deal with cognate matters which seem to be worthy of 
exposition and record, such as fish-hatching, plankton 
investigation, the diseases of fish, the nutrition of marine 
animals, and the condition of mussel beds in relation to 
sewage. 


- ScHEME OF FISHERIES INVESTIGATION. 


It is understood that the Development Commissioners 
are at present considering the details of a comprehensive 
scheme for fisheries investigation throughout British Seas 
which has been drawn up by the three Government 
Departments concerned. Until, however, this scheme has 
been approved, the system of interim grants from the 
Development Fund has been continued, and our scientific 
work is being carried on for another year on the same 
lines as 1n previous years, and with the same grant-in-aid. 
It is hoped that when a more permanent scheme is adopted 
by the Development Commission, provision will be made 
to meet an increased expenditure on the necessary investi- 
gations in the Irish Sea Fisheries area. 

On Scientific grounds the proposal for an amalgama- 
tion of the investigations in the Cumberland and 
the Lancashire districts is a sound one which ought 
to be encouraged by the Authorities concerned. It means 
practically an extension of the Lancashire scheme of 
operations into Cumberland waters—an object highly 
‘desirable in itself, beneficial both to Cumberland and 
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Lancashire, and one which would seem to have a good 
claim for a grant-in-aid of expenses from the Development 
Fund. 

Amongst other new investigations which it is proposed 
the Scientific Staff should undertake, with the sanction of 
the Committee, during the coming year, may be 
mentioned : — 

The proposed investigation of the spawning of the 
sole in our district, in May. 

The extension of the “ Herring races”’ investigation to 
Manx waters, in June. 

Further examination of the Welsh Mussel Fisheries 
with the view to their improvement by artificial operations. 


Tue Work at PIEL. 


The Sea-Fish hatching has been carried on by Mr. A. 
Scott on the same lines as in former years. Over one 
million plaice, and twelve millions of flounders were 
hatched and set free. It may be of interest to add that 
in the same season about eight millions of plaice were set 
free from the Port Erin hatchery in the Isle of Man. 

The usual Classes for Fishermen were carried on 
by Dr. Johnstone and Capt. Thornber on the same lines 
as in former years, and with the usual success. A very 


considerable proportion of the men were successful in 


obtaining their Board of Trade certificates. The Nature 
Study evening classes were also restarted by Dr. Johnstone 


and Mr. Scott for the Education Committee of Barrow, 


with the concurrence of the Scientific Sub-Committee. 
The usual Reports on the hatching and on the classes, 
etc., at Piel are given. Mr Scott also has an article on 
mackerel investigations. This is a new line of research. 
Mr. Scott has gone out with the local boats, and has made 
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observations on the mackerel, their sizes, sexual condition, 
and food in relatior to the plankton. Mr. Scott gives an 
interesting description, with figures, of the food of the 
mackerel. Some observations bearing on the food of the 
mackerel in Scottish waters at the same season will be 
found in another paper by Mr. Riddell and myself further 
on in the Report. 

Mr. Scott continues his former work on the distribu- 
tion of fish eggs. He has examined the plankton collected 
by the “ James Fletcher” on the northern offshore grounds 
between the Isle of Man and the coasts of Lancashire and 
Cumberland, and also the plankton collected throughout 
the year in Port Erin Bay by the staff of the Biological 
Station. His paper contains notes on the range of distri- 
bution, with periods of occurrence of the eggs of various 
species of fish. 


PLANKTON Work. 


The other plankton investigations have been carried 
on as in previous years. Along with Mr. Scott and 
Miss H. M.-Lewis, I now submit the seventh part of our 
work on the intensive study of the plankton of the Irish 
Sea round the South end of the Isle of Man. I consider it 
important to complete, if possible, ten years’ observations 
before winding up the work and drawing conclusions. 
Along with Mr. Riddell, I contribute a brief Report on 
the summer plankton of the West coast of Scotland for 
comparison with the plankton simultaneously collected on 
the Lancashire coast by our Fisheries steamer, and in Port 
Erin Bay. 

The plankton hauls made from the “James Fletcher” 
in 1918 have been worked up by Mr. Riddell. Tables of 


the occurrence and relative abundance of all organisms 
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identified, with notes on the species, are given in the 
Report in continuation of the similar tables published 
in former years. 


PARASITES AND DISEASES OF FISHES. 


Dr. Johnstone continues his work on diseases of fishes. 
He records the occurrence of, and describes several 
interesting fish parasites. Various abnormal and patho- 
logical conditions in edible fishes are described, including 
reports on several specimens of fishes condemned by 
Inspectors. This work is mainly of theoretical importance, 
but has practical and administrative bearings. Market 
Inspectors do not, as yet, know enough of the pathology 
of fishes to help them in their work. Valuable fish have 
sometimes been condemned, although the abnormal 
appearances on which the condemnation was based did 
not necessarily render the fish unsuitable for human food. 
On the other hand, it might be dangerous to health to 
allow obviously diseased fish to be sold as human food so 
long as the precise nature of the disease 1s unknown. 
From this point of view Dr. Johnstone’s investigations of 
these various diseased conditions is very valuable. 


FIsHERY STATISTICAL INVESTIGATIONS. 


Dr. Johnstone continues his detailed work on 
measurements of plaice:—(1) the measurements of the 
lengths of the plaice captured on board the “James 
Fletcher,’ and to a smaller extent on board some of the 
Bailiffs’ cutters; (2) the examination of the samples of 
plaice sent to the Liverpool University Laboratory. 
Neither series of records is as complete as it might be, but 
still they are of value. Tables giving the results of all 
these measurements are published in this Report in the 
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same form as during the past five years: —(1) The lengths 
of the plaice caught, given in centimetre groups; (2) the 
values of the length-weight coefficient 4, that is, the index 
of the average condition of the fish, on the various grounds, 
and at different seasons; (8) the age, sex, and phase of 
sexual maturity of the plaice examined in the laboratory. 

Dr. Johnstone also adds to this report a summary of 
the investigations of the same kind carried on during the 
years 1909-1913. This includes statements of the average 
sizes of the plaice found on:—(1) The summer fishing 
grounds between Blackpool and Liverpool Bar; (2) off the 
Estuaries of the Mersey and Dee; (3) on the shrimping 
grounds in the Mersey Estuary; (4) on the winter fishing 
grounds off the coasts of Carnarvon and Anglesey; and 
(5) in Luce Bay (for the years 1908-1912). Tables showing 
the actual numbers of fish at each centimetre of length, in 
each month of the year, and also the percentage of the 
whole catches per month and ground, at each centimetre 
of length, are given, and also summary statements as to 
the weight and length, and also the age and length, of the 
plaice examined. 

This statement for the quinquennial period 1909-1913 
has been made in order to find, if possible, any deficiencies 
in our methods, and any possible ways of improving our 
scheme of investigation. It seems to show that the 
measurements are useful so far as they go, but are not 
numerous enough. The plaice fisheries in certain parts 
of the district are still uninvestigated, although the 
inclusion of these fisheries was provided for in the scheme 
approved by the Development Commission. Also, we are 
of opinion that these measurements should be extended to 
all soles caught, and that the investigation of the sole 
spawning grounds should be made during the coming 
summer. 
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The Committee are, no doubt, aware of the proposal by 
the International Fisheries Bureau to impose legal size 
limits on plaice. It is suggested that it be made illegal 
to land plaice during the summer months less than 2% cms. 
(nearly 9 inches) long. It seems quite possible that this 
proposal may be adopted, and extended to the Irish Sea. 
A summary statement given in this Report by Dr. John- 
stone will enable the Committee to forecast the result of 
this proposal, if adopted for our district. Applied to the 
summer plaice fishery between Blackpool and_ the 
Liverpool Bar, it will mean that :— 


76%, of all the plaice caught in May must be returned to the sea, or cannot 


be landed. 
74 a June a 56 
70 ms July 5 ” 
62 m Aug. a 45 
62 . 55 Sept. ‘3 6 
53 A Oct. i, 


That is, these are the percentages of plaice on this ground 
which. are smaller than 22 cms. (say, 82 inches). The 
proposal, therefore, is one which will seriously affect 
Lancashire inshore fishermen, and should be carefully 
considered in all its bearings. 


PLAIcE-MARKING EXPERIMENTS. 


About 1,000 plaice were marked and lberated in 
1913, and the results are now reported upon by 
Dr. Johnstone, assisted by Mr. T. Monaghan. The 
results confirm those of former years, and show: (1) 
irregular, mainly alongshore migrations into bays and 
estuaries, of small plaice in winter; (2) offshore migration 
of plaice of 7 inches long and upwards in summer months; 
(3) inshore migration of these smaller plaice in the “back- 
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end” of the year; (4) migration to South-West, to Red 
Wharf Bay and vicinity, of the medium-sized plaice 
inhabiting waters just offshore from Blackpool to Liverpool 
Bar in summer; (5) spawning migration of the larger 
plaice to grounds between Bahama Bank and Selker Light 
Vessel at end of year, or South to grounds in St. George’s 
Channel. . 

_. These results indicate that the imposition of legal size 
limits will differentiate in favour of steam trawlers and 
first-class sailing trawlers, and against the second-class 
trawlers. For the small plaice that may not be caught on 
the summer grounds by the second-class boats will migrate 
in the back end of the year to the grounds frequented by 
the steam trawlers and first-class boats. Probably they 
would not grow to the same extent if they remained on the 
shallow water grounds, and if the latter are not “thinned” 
by fishing. These latter are naturally overcrowded 


— 


grounds. : 
Attention may be drawn to the Barrow Channel 
experiment. This illustrates the very great importance 
of stake-net fishing in the Lancashire inshore waters. 
This mode of fishing should be very carefully studied. 
Experimental stake nets were provided for this purpose 
about a year ago, but no results have been obtained yet. 


HyproGraPuic INVESTIGATIONS. 


These have been carried on as in 1912. The observa- 
tions at sea, and the collection of the water samples have 
been made by Mr. Wm. Riddell; while Professor Bassett 
reports on the chemical analyses of the samples. Professor 
Bassett’s report gives tables of data, and discusses the 
results, mainly from the point of view of the flow of water 
from the Atlantic into the Irish Sea, and the irregularity 
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of this inflow from year to year. Some charts are 
also given in this report which illustrate the variable 
distribution of Atlantic sea-temperatures from year 
to year. These are based on the temperature obser- 
vations recorded in the Atlantic ‘ Pilot Charts,’ and 
they show that any isotherm varies in _ latitude 
(when it crosses any particular meridian) from month to 
month, and also from year to year. Doubtless this 
monthly and annual variation in the ocean may yet be 
utilised in the attempt to forecast the temperature varia- 
tion in shallow seas, such as our Fishery District. 


INVESTIGATION OF THE HERRING. 


In this first paper on the subject Mr. Riddell gives 
measurements of certain selected characters of the herring. 
The samples examined consist of, about 100 herring from 
the coast of Wales, and 150 herring caught off the Smalls 
by Fleetwood and Milford steam-trawlers. The investiga- 
tion was commenced because of the agitation of the last 
few years with regard to the new method of capturing 
herring by otter trawls worked from steam trawlers. It 
forms part of the general scheme of investigation arranged 
by the Board of Agriculture and Fisheries for the purpose 
of studying the races of herring in British Seas. 
Mr. Riddell gives tables, and shows that there are 
apparently significant differences in the characters of the 
Welsh and the steam-trawl caught herrings. The investi- 
gation will be extended to the Manx herring in summer. 


SeA-Botrtom Deposits AND THE Foop or FIsuEs. 


While Mr. Robert Ray was working as a post-graduate 
researcher last session in the Liverpool Laboratory, I set 
him to obtain and examine a series of samples of sea- 
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bottoms collected by the oyster dredge at various localities 
between Morecambe Bay and Bahama Light Vessels and 
the coasts of Lancashire and Cumberland. Mr. Ray’s 
report deals also with the examination of the contents of 
the alimentary canals of the fish caught at the time on 
the same grounds. The geological nature of the sands, 
muds, &c., forming the bottom deposits are described, and 
the contained organisms and remains of organisms are 
identified. The organisms forming the food of the fishes 
caught are also identified, with the view of correlating 
these with the organisms found on the different sea- 
bottoms. The present report is essentially of a prelimi- 
nary nature, and much further work on the subject 
remains to be done. We hope to continue the investiga- 
tion in the future by means of Petersen’s ‘bottom 
sampler.”’ 


BACTERIOLOGICAL INVESTIGATIONS. 


Dr. Johnstone describes the topography of the mussel 
grounds in the estuary of the Ribble, and also at 
Portmadoc, Barmouth, and Aberdovey. He also gives the 
results of bacteriological analyses, and shows that there is 
very grave contamination in the mussels at Aberdovey: 
and Barmouth. Similar analyses for Portmadoc and the 
Ribble Channel are also given. The numbers of sewage 
bacteria contained in badly-polluted mussels, such as those 
at Aberdovey, may amount to 20,000, while mussels free 
from contamination, such as those at Roosebeck, near 
Piel, give only about five or six organisms per shell-fish. 
Dr. Johnstone is going on with further very important 
work relating to the precise nature of the bacteria found 
in these shell-fish. 

Mr. Durlacher reports on experiments in the estuaries — 
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of the Dovey and the Mawddach in relation to the flow 
of sewage. He has observed the directions taken by 
weighted floats, and has also made determinations of the 
density of the water at different places in both estuaries. 
He shows that surface currents from the vicinity of the 
sewer outfalls flow mainly parallel to the shore, and in 
some cases directly over the mussel beds. The problem 
of any proper place for a cleansing pond thus becomes one 
of great difficulty, and it is suggested that some method 
of purification similar to that proposed for Conway might 
be employed. The experiments at Conway thus become 
of increased importance, as they may be applicable to 
other localities. 


NvutTRITION OF MARINE ANIMALS. 


In view of the remarkable statements published a few 
years ago by Professor A. Pitter, and accepted by some 
biologists in this country, that marine animals, including 
even fishes, could be nourished by the dissolved organic 
carbon in sea-water, I invited Professor Benjamin Moore 
to conduct a bio-chemical investigation of the matter at 
the Port Erin Biological Station. I am glad to be able to 
include in this volume two very important papers by 
Professor Moore and others who worked with him, which 
seem to prove conclusively that Pitter was mistaken, that 
there are no such quantities of dissolved carbon in sea- 
water as he supposed, and that when a marine animal is kept 
for long periods without solid food, although it may not 
lose weight, it is undergoing profound changes in its con- 
stitution, and is really subsisting on its own tissues. 


Amongst other minor pieces of work may be men- 
tioned the statistical investigation bearing on the life- 
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history of the shrimp upon which Mr. T. Monaghan has 
been started. A preliminary note with table and a chart 
will be found in this Report. The statistics are obtained 
from the examination of periodic samples from the 
Mersey Estuary. The shrimps are all measured, and the 
percentages of males, berried females and non-berried 
females, are determined. The fecundity of the shrimp is 
also being studied. 

Mr. H. G. Jackson gives a further ats on the occur-— 
rence of larval stages of the higher Decapod Crustacea, 
such as crabs, shrimps, and prawns in the deeper plankton 
gatherings off the Isle of Man. 


W. A. HERDMAN. 


FISHERIES LABORATORY, 
UNIVERSITY OF LIVERPOOL, 
Apru 1dth, 1914. 
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FISH HATCHING AT PIEL. 
By ANDREW Scott, A.L.S. 


The fish hatching operations carried on in 1913 gave 
results very similar to what we have had in former years. 
Thanks to the continued kindness of the Fishery Board for 
Scotland, we are enabled, year after year, to renew our stock 
of adult plaice from the closed area of Luce Bay. Without 
such a privilege it is almost certain that a sufficient number 
of adult plaice would not be obtained in the open area of the 
Trish Sea in a reasonable time. The results of the plankton 
investigations conducted in 1913 indicate that there were 
very few spawning plaice between Lancashire and the Isle of 
Man. ‘Thirty-nine surface tow-nettings were taken all over 
the northern area of the Irish Sea between February and the 
middle of April. Plaice eggs were found in nineteen of the 
samples, but the total number only amounted to fifty-nine. 
When it is remembered that a single spawning female plaice 
may produce 200,000 eggs in the course of a couple of weeks, 
one naturally expects that the eggs will be fairly numerous if 
adults are plentiful. It also follows, if adults are scarce, that 
there will be few eggs floating near the surface. There can be 
no doubt that closed areas with an environment favourable 
to the life of the adult fish, and where commercial trawling 
is prohibited, must be of an immense value to the adjacent 
fishing grounds. The flounders were caught in the vicinity of 
Piel by the police cutter belonging to the northern division. 
A number of flounders were also collected by the steamer when 
trawling on the off-shore fishing grounds for material for use 
in the classes. 

The adult plaice and flounders, kept in the tanks all 
winter, matured much earlier than in previous years. They 
commenced to spawn on February 25th, and two days later 


104 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


the first fertilised eggs were placed in the hatching boxes for 
incubation. This 1s about three weeks earlier than in 1912, and 
is the earliest spawning that has taken place in our tanks.* 
The last eggs were collected on April 24th. The spawning was 
therefore completed in eight weeks. During that period one 
and a quarter millions of plaice eggs were collected, and thirteen 
and a half millions of flounder eggs. The eggs were incubated 
in the usual manner and the resulting fry were liberated from 
time to time. The adult fish were also liberated at the end of 
the work. The experiment of marking the adults before libera- 
tion, which had been done in 1912, was not repeated, as none 
were returned to us. 

The following tables give the nomeee of eggs collected, 
and of the fry hatched and set free on the dates specified :— 


Puaice (Pleurenectes platessa, Linn.). 


Hae Collected. Fry Set Free. 
Feb. 27 20,000 16;000° = March 20 
March 2 7.) BO,000 50,000" = fs 25 
5 i ast 45,000 39;000 | «2. ‘n 
. if i. 2 06;000 46,500... * a1 
es 9 Zz. SOOOOD Of, 0007 «25. mA H! 
ee lal 2 TOUCG GU 000 te x % 
opie ... 75,000 65,000... April 7 
pi ke <v, 80;000 69000) = i 2 
3 eS: a. © C0000 69,000) =: - 14 
athe se 90000 19;000 Gre: is Mf 
» 24 i O008 84,000... 33 21 
al .../. 90,000 1o,000" >. a ik 
aoe colt -.. 90,000 (oC00 oe a 28 
April 4 ... 85,000 74,000... < of 
3 8 2224 Gos000 74,000... May 9) 
8 12 2a) OvOUU 6a;000) =. _ - 
5 16 2 9,000 46,500... = ‘14 
55 20 ... 40,000 33,000... ment 
73 24 »». , 20,000 205000) =: ft s 
Total Eggs 1,255,000 1,086,000 ‘Total Fry. 


*It is curious that at the Port Erin Fish Hatchery the Plaice spawn 
a good deal earlier than at Piel, This year the first fertilised plaice eggs 
were obtained in the Port Erin pond on February 4th.—W.A.H. 
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FLounper (Pleuronectes flesus, Linn.). 


ea Collected. 


Feb. 27 .... 250,000 
March 2... 400,000 
ft «650,000 
ye. 700,000 
peg 750,000 
meri -:. 800,000 
Meta. 850,000 
meets =... 950,000 
eis ... 1,000,000 
Samet. _.. 1,000,000 
et 1,100,000 
oor... 1,000,000 | 
meat. .... 900,000 
April 4 ... 850,000 
ees - ... 750,000 
1) ~~... 600,000 
mee ie  -... 450,000 
Pero. =i. —« 350,000 
eek. 230,000 


Total Eggs 13,580,000 


Total Number of Eggs 
Total Number of Fry’ 


Fry Set Free. 


221,000 
304,000 
575,000 
600,000 
658,000 
711,000 
757,000 
846,000 
887,000 
887,000 
975,000 
887,000 
800,000 
707,000 
660,000 
528,000 
397,000 
300,000 
200,000 
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... March 14 


May 


” 


12,000,000 Total Fry. 


14,835,000 
13,086,000 


20 
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CLASSES, VISITORS, &c., AT PIEL. 


By ANDREW Scott, A.L.S. 


Four classes for fishermen were held at Piel in 1913. The 
Kducation Committee of the Lancashire County Council 
voted the usual amount of money which enables: forty-five 
fishermen, residmg in the administrative area, to receive 
studentships for a fortnightly course of instruction in Klemen- 
tary Marine Biology, or a combined course in Marine Biology 
and Navigation. They also permitted Captam EK. Barker 
Thornber, the County Navigation Instructor, to be present 
for a period of six weeks. Captain Thornber gave instruction 
in Navigation and Seamanship to thirty-nine of the studentship 
holders who were qualified to sit for the Board of Trade certifi- 
cates. The Education Committee of the County Borough of 
Southport sent four men, and the Education Committee of the 
County Borough of Blackpool again sent three men. 
Altogether, fifty-two men attended the classes and received 
instruction in Marine Biology. ‘Thirty-nime of them also 
attended the course in Navigation. The studentship holders 
were divided into four classes—one of eleven men, one of 
thirteen, and two of fourteen each, as shown by the following 
lists :— 

First class, held February 17th to 28th—Henry Benson, 
Flookburgh ; William Butler, Flookburgh ; Hardley Hadwen, 
Morecambe; Peter Wilson, Morecambe; John Woodhouse, 
Morecambe ; John Owen, Blackpool ; Tom Craven, Blackpool ; 
John Smith, Blackpool; Richard Ball, Banks; Thomas 
Howard, Southport; Thomas Sutton, Southport; J ames 
Wareing, Southport ; John Wright, Southport. | 

Second Class, held March 3rd to 14th—Arthur Ainsworth, 
George H. Birch, J. Brooks, John W. Cawthorne, Thomas — 
Cowell, Harry Gawne, J. Grundy, George Hughes, James 
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Monaghan, Robert Perry, John Salthouse, Robert Scott, 
Thomas Smith, Richard Snasdell, Fleetwood. 

Third Class, held March 31st to April 11th—W. Bird, 
L. Hastwood, R. Iddon, N. Leadbetter, H. Livesey, A. Mayson, 
W. Martland, J. Scott, D. Singleton, E. Tomlinson, H. Wood, 
C. Wood, R. Wright, T. Wright, Fleetwood. 

Fourth Class, held April 14th to 25th—G. Brooks, 
R. Hastwood, W. Howells, L. Kelly, 8. Phillips, H. Stanley, 
I’. Stepp, M. Sumner, R. Swales, H. Symonds, R. Wright, 
Fleetwood. 

The first class was attended by inshore fishermen, such 
as musselers, cocklers, shrimpers and men from second-class 
fishing boats. Their course of instruction dealt with general 
Marine Biology, similar to what has been given in former 
years. The second, third, and fourth classes were only open to 
deep-sea fishermen residing in Fleetwood. The selected men 
had put in the necessary sea time to enable them to present 
themselves for the Board of Trade examination for certificates 
as second hand or skipper of a fishing vessel. They were also 
students of the Navigation School at Fleetwood, to whom 
a fortnight’s continuous study was of the utmost importance 
in finishing up their work previous to the examinations. The 
morning lesson, lasting two and a half hours, was devoted to 
instruction in Marine Zoology, having some bearing on the 
fish and more common invertebrates captured in the trawl net. 
The afternoon lesson of three hours was conducted by Captain 
Thornber, and a very efficient course in Navigation and Sea- 
manship was given. The laboratory was open to the Navigation 
students in the evenings, and many of them took advantage 
of this to revise their afternoon’s instruction, do chart-work, 
and have viva voce examinations by Captain Thornber on rule 
of the road at sea. Nineteen of the students were subsequently 
successful at the examinations held at Fleetwood. Jour of 
them obtained skipper’s certificates, and fifteen mate’s certifi- 
H 
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cates of fishing vessels. A visit of inspection of the last fisher- 
men’s class was made by Dr. Snape, Director of Education 
for Lancashire, Dr. J enkins, Mr. A. Harris, H.M. Inspector of 
Evening Schools, and Dr. Hoffert, H.M. Divisional Inspector 
of Evening Schools. A new edition (the 3rd) of the syllabus of 
lessons for fishermen attending the classes has been recently 
published. It has been revised anid improved, and new illustra- 
tions added. A section on Navigation has been written by 
Captain Thornber, which should prove useful to the students 
and others who wish to know something about the amount of 
knowledge required to obtain certificates as officers of fishing 
vessels. 

A sub-committee of the Departmental Committee on 
Inshore Fisheries, which was visiting the ports and fishing 
stations between the Bristol Channel and the Solway Firth to 
take local evidence and meet the fishermen, visited the estab- 
lishment on June 18th. Two of the local fishermen were called 
in, and various questions relating to the past and present state 
of the fisheries for fish and shell-fish in the neighbourhood were 
discussed. 

Lt.-Col. John M. Semmens, V.D., of the Fisheries and 
Game Department of the State of Victoria, and Professor 
Hidemi Seno, Imperial Fisheries Institute, Tokyo, Japan, 
visited the establishment during the year to see the hatching 
apparatus and make enquiry regarding scientific investigations — 
and instruction to fishermen. 

We have again to thank the United States Fisheries 
Department; the Smithsonian Institution; Professor H. 
Ehrenbaum, of the Biological Station at Heligoland; Dr. 
Annandale, Superintendent of the Indian Museum; 
Mr. EK. W. L. Holt, Scientific Adviser to the Irish Fisheries 
Department ; and others, for further additions to the library 
during the year. 
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THE MACKEREL FISHERY OFF WALNEY IN 1913. 


By ANpDREw Scott, A.L.S. 


Mackerel were extremely abundant and widely distributed 
in the Irish Sea during the summer of 1913. The fish made 
their appearance in the area lying off Walney Island about 
the middle of June, and were evidently fairly numerous until 
about the end of the first-week in September. The mackerel 
came quite close to the land on this occasion. Many were 
caught by line in Barrow Channel, in the vicinity of the ferry 
pier at Piel, and a few were taken in the stake nets on Roosebeck 
Scars. Although the fish apparently left the area off Walney 
early in September, they continued to be caught off Blackpool 
until late in October. In all probability the abundance of 
mackerel was largely due to a remarkably extensive invasion 
of the ctenophore Pleurobrachia, along with numerous small 
examples of Berée. The visitation of the ctenophora began 
early in July and lasted for nearly a month. The swarm 
reached its maximum about the 10th, and then gradually 
diminished in numbers. The water of the open sea and in 
Barrow Channel was so densely populated for a time with 
Pleurobrachia, that an ordinary coarse tow-net was quickly 
filled when towed behind a boat. Great numbers were stranded 
on the shore as the tide receded, which gave it the appearance 
of being covered with small glass marbles. The local fishermen, 
with their half-decked fishing boats, caught considerable 
quantities of mackerel by line during the fishery, but they were 
frequently prevented from reaching the fishing ground owing 
to too much or too little wind. Under more favourable con- 
ditions the fishery would have been very valuabie, as the 
catches were quickly sold at about one shilling per dozen fish. 
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Samples of the fish were bought from time to time from the 
men for investigation, and on one occasion a personal visit 
was made to the area in the police cutter “ Piel Castle.” 


SIZE AND WEIGHT OF THE FisH. 


The size of the fish caught varied from 21 cms. to 36 cms. 
in length, measured from the tip of the snout to the base of 
the fork of the tail. Mackerel between 22 cms. and 26 cms. 
were abundant, but the larger sizes appeared to be 
comparatively scarce. The scarcity of the larger sizes may 
have been due to their absence in the area usually fished by 
the local men. It was quite noticeable during the visit to the 
fishing ground that boats, fishing off the south end of Walney, 
were catching large numbers of the smaller sizes. The fish 
caught off the North end of Walney Island and at the entrance 
to Duddon Channel were nearly all over 28 cms. in length. 
The local fishermen rarely went so far North, for if the wind 
happened to die away—a not infrequent occurrence, they 
would then have been outside the tidal drift into Barrow 
Channel. The mackerel caught im Barrow Channel and in 
the stake nets at Roosebeck were usually all over 30 cms. 
The weight of the fish increased very rapidly per centimetre, 
as will be seen from the table. The average weight of a 21 cms. 
mackerel was found to be 94 grammes. A 36 cms. mackerel 
weighed 484 grammes. This represents an increase in weight 
of 390 grammes for an increase in length of 15 cms. Fish of 
the same length varied considerably in weight according to 
the condition of the stomach. An empty fish of course weighed 
less than one which had been recently feeding. Two fish 
measuring 31 cms. weighed 290 grammes and 330 grammes 
respectively. The former had nothing in its stomach while the 
latter contained two freshly captured sand eels measuring 
12 cms. in length. : 
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Size. Weight. Size. Weight. 
2lems. .. 94 grammes. | 29cms. .. 253-5 grammes. 
2. «105-4 DUS Bia es, SAO2 - 
Zee | 120 ka SG As lA A 
Zee «6134-65. ,, Doman ae OZONE ‘a 
Poe 168-7 - SONG I Sie sO S 5 
eee 186-15 — ,, SH ele Paws) se 
oe 2. 198-5 e D0) 99. aa 4D i 
Zoe) 22673 DO° Cy 7 ee Lod 


CONDITION OF THE REPRODUCTIVE ORGANS. 


None of the fish under 24 cms. in length, from the area 
off Walney Island, had the reproductive organs developed to 
such an extent that the sex could be recognised by naked 
eye observation. The condition of maturity in the fish of 
24 cms. and upwards was very irregular. There was no gradual 
approach to a definite spawning time. Some of the fish caught 
in September were no further advanced towards spawning than 
many of those caught at the end of June. In the sample 
examined on June 30th one spent female, 27 cms. long, and 
one male, 30 cms. long, with the sperms flowing freely were 
observed. The others were not more than half mature. One 
spent female, 35 cms. long, was found amongst the fish examined 
durmg July. The others over 24 cms. were mostly quite 
immature. A few were just about half mature. The mackerel 
examined in the first week of September were, with one excep- 
tion (a spent female 31 cms. long) about half mature. The 
Spawning period varies greatly in different places. In the 
Mediterranean spawning may begin as early as January, and 
extend into May. In the South-west of Ireland the time stated 
is May and June. Off Plymouth spawning takes place between 
the end of May and the end of July. The reproductive organs 
of the mackerel caught off Walney in 1913 were in quite a 
different condition from those examined in previous years. 
It has been quite a common occurrence to find them in a spent 
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condition in July. Only three spent female fish and one mature 
male were observed in 1913. The eggs were present in three 
tow-nettings only in 1913. | 


Foop. . 


The mackerel is a migratory pelagic fish and finds its 
food in the water through which it swims. The food will, 
therefore, vary according to the changes occurring in the 
constituents of the plankton. An examination of the stomach 
contents generally gives a fair indication of the nature of the 
plankton in the area where the fish have been caught, especially 
if they have been some little time in it. As the food consists of 
the organisms in the water through which the fish swims, it 
. 1s to be expected that the fish in one area may be feeding on 
quite a different kind of organism from those in another area. 
It is well known that sudden invasions of organisms may occur 
from time to time in the plankton, and may have quite a local 
distribution. One of the most noteworthy of these sudden 
Invasions 1s the extraordinary shoals of the amphipod 
_ Euthenisto compressa, which make their appearance along the 
Yorkshire Coast occasionally in the spring, in such immense 
numbers that drifts of them, several inches in depth, are thrown 
up by the waves. The fishermen frequently remove the heaps - 
in barrow loads to put on their gardens as manure. This 
amphipod is a distinctly northern form, and is usually regarded 
as a rare species on the British coasts. Its occurrence in such 
swarms so far from its true home has not yet been satisfactorily 
explained. a 

Dr. EK. J. Allen gives a good account of the food of the 
mackerel, and the method employed by the fish in procuring 
it, in the Journal of the Marine Biological Association, N.S., 
Vol. V. The smaller forms of plankton are collected by straining 
the water through the gill-rakers as it swims along. Young 
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fish, such as sand eels, sprats and rockling, are hunted and 
captured. In the early part of the summer such forms as 
copepoda, larval decapoda, and ctenophora usually constitute 
the main food supply. Towards the end of the summer 
one generally finds various kinds of young fish in the 
stomachs. The purity or mixture of the stomach contents 
gives a fairly sure indication as to whether the plankton 
contains a particular kind of organism in abundance, or if 
there is a variety with none more plentiful than another. 

The mackerel caught off Walney on June 30th, the first 
favourable day for fishing after they were reported to be in 
the area by one of the pilot boats, proved to have been feeding 
on a very mixed diet. The food consisted of the following :— 
Copepoda, Calanus, Temora, Centropages, Isias, Acartia and 
Orthona ;; Decapoda, such as megalopa of crabs, second larval 
stage of Nephrops and larval Pagurids; the ctenophore 
Pleurobrachia, the arrow-worm Sagitta, and the pelagic ascidian 
Orkopleura. One of the stomachs was crammed with a perfectly 
pure sample of YTemora. Another contained Temora in 
abundance along with a number of Jszas. All the others con- 
tained a general mixture of the organisms. The occurrence of a 
fish with pure stomach contents, in a sample where the majority 
have a mixed diet, may be explained by the fish having probably 
passed through a swarm of Temora just previous to its capture. 
It may also have been caught some distance away from the 
_ others, as a sailing boat traverses many miles in half a day’s 
fishing. When the first sample of mackerel was examined, 
Pleurobrachia was present in small numbers in the plankton. 
A rapid increase took place in the first week of July. During 
the next two weeks the sea along the north-west coast of 
Lancashire swarmed with this organism, which was quite 
visible to the naked eye from the deck of a boat. The abundance 
of etenophora evidently presented the mackerel with a suitable 
food supply, as every fish examined during the tirst two weeks 
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of July had its stomach packed full with Plewrobrachia in 
various stages of digestion. At the lower end of the stomach 
the organisms were quite broken ‘down into a soft granular 
reddish coloured mass. At the upper end and in the oesophagus 
the Pleurobrachia were almost entire. They were easily recognis- 
able. A few second stage larvae of Nephrops were invariably 
mixed with the Plewrobrachia. Clupeoid and Polychaet remains, 
Calanus and Temora, and the amphipod Hyperia were also 
occasionally noticed. While ctenophora were abundant, and 
formed the food supply of the mackerel off Walney, quite a 
different state of affairs was prevailing round about Mull, 
where Professor Herdman happened to be with his 8. Y. 
“Runa.” In a letter from Tobermory Bay, dated July 12th 
and published in “ Nature” on July 17th, he writes “On 
arriving in the bay last night we found the local boats had been 
catching abundance of mackerel close to. We bought some for | 
supper (good fish for a halfpenny each), and on dissection 
found that the stomachs of all of them were crammed full of 
fresh-looking Calanus (the individual copepods for the most 
part distinct and perfect), along with a few immature 
Nyctiphanes and larval decapods.” A sample of the plankton 
was taken later on in the evening and an ordinary coarse tow- 
net caught 20 c.c. of the copepoda in five minutes which was 
estimated to contain 6,000 Calanus. Professor Herdman 
found that the stomach contents of a single mackerel contained 
about the same amount of Calanus as the tow-net caught in 
five minutes. 

‘The invasion of Pleurobrachia began to die away in the 
area off Walney about the middle of July, and although it 
continued a conspicuous object in the stomach contents, a 
more mixed diet was gradually making its appearance. The 
mixture was rather different from what was observed at the 
end of June. The copepoda were represented by Calanus and _ 
Lemora only. The Cladocera Hvadne and Podon were now 
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present. The larval decapods observed in June were again 
numerous, and the Trachelifer stage of Jaxea was not un- 
common. The.pelagic worms Sagitta and Tomopteris were 
frequently noticed amongst the stomach contents. A few 
medusoids were observed and one young Sepiola. Several 
stomachs contained young rockling which had their stomachs 
filled with Temora. No Oikopleura were noticed. The last 
sample of mackerel was examined on September 8th, and very 
few of the fish had food in their stomachs. One contained two 
sand eels 12 cms. in length. Another contained digested fish 
which were probably sand eels also. It is quite evident that 
mackerel feed on the plankton around them, and make little 
or no attempt to select the organisms. The abundance of the 
fish and duration of their visit to any area will be influenced 
considerably by the richness of the plankton. 


EXPLANATION OF PLATE. 


Hic. 1. Nearly pure Temora catch from the stomach of a 
Mackerel. A few specimens of [szas were present, 
and one is shown in the photograph. 


Fig. 2. Plankton consisting of Plewrobrachia and Berée. 


Fig. 3. Larval Decapods from the stomachs of Mackerel. 


From photographs by A. Scott. ] 
paonoe ap y 
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ON THE PELAGIC FISH EGGS COLLECTED IN 1913. 


By ANDREW Scort, A.L.S. 


Samples of the plankton were taken during the various 
cruises of the 8. 8. “ James Fletcher ”’ in the Irish Sea, Cardigan 
and Carnarvon Bays throughout the year. Pelagic fish eggs 
were observed in eighty-three of the collections made between 
January 23rd and August 14th, the two dates being the first 
and last occasions when eggs appeared to be present in the 
plankton. For a period of about eight weeks, extending from 
February 17th to April 21st, when the classes were held at 
Piel, the steamer visited the spawning grounds lying between 
Lancashire and the Isle of Man each week. These expeditions 
were made to trawl for spawning fish for dissection by the 
fishermen, and to collect the plankton. Fully one-third of the 
total number of collections contaming eggs were obtained in 
that time. Some of the samples consisted of little else than 
egos belonging to various species of fish. Others contained one 
or two eggs only. The difficulties experienced in identifying 
preserved eggs are pointed out in the report “ On the Pelagic 
Fish Eggs collected off the South-West of the Isle of Man,” 
which was published in last year’s Annual Report. It is un- 
necessary to restate them here. It is sufficient to remember 
that in many cases the identification must be regarded as 
only approximate. 

Illustrations of a fish larva that hatched out from one of 
three large pelagic eggs with an oil globule, and measuring over 
3 millimetres in diameter, are given in the XIII Annual Report, 
page 32. These eggs were found in a collection of living plankton 
brought from the Clyde by the first Fisheries steamer “ John - 
Fell,’ where she had been trawling by permission of the 
Fishery Board for Scotland on April 21st, 1898. The larva 


ee 
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hatched in a glass jar at Piel a few days after the catch was 
landed. It was suggested in the XIII Annual Report that the 
egos might belong to the halibut, as it is the only British fish 
that spawned an apparently pelagic egg approaching the size 
given, and which was not enclosed in a ribbon-like mass. 
Very little was known about halibut eggs at that time, but 
various investigators have since described them. Professor 
E. Ehrenbaum in his report “ Hier und Larven von Fischen, 
andere Hier und Cysten”’ in “ Nordisches Plankton,” Bd. I, 
page 179, describes the eggs as 3°] to 3°8 millimetres in diameter, 
with a homogeneous yolk, without oil globule, and with a 
tough ege-shell. It is evident, therefore, that the large eggs 
from the Clyde cannot be halibut as they had a distinct oil 
globule. Some time after the illustrations were published I 
examined living eggs and larvae of the angler fish (Lophius 
piscatorius, Linn), and am now fairly certain that the eggs 
supposed to be halibut really belonged to the angler-fish, and 
had by some means become separated from the characteristic 
gelatinous ribbon. The occurrence of such isolated eggs of 
the angler-fish appears to be very rare, as I have not met with 
them in the plankton again until 1913. A sample taken off 
Port Erin on March 10th, 1913, by Professor Herdman in his 
S. Y. “ Runa,” contained one of these eges. It measured 
2-74 millimetres in diameter. The oil globule was yellowish 
in colour and measured 0-59 millimetre in diameter. The egg 
is rather larger than Ehrenbaum describes on page 47 of his 
work in Nordisches Plankton. He gives the size of the egg 
of the angler-fish as 2-13 to 2-36 millimetres in diameter, and 
the oil-globule 0-53 to 0-57 millimetre in diameter. No doubt 
there will be a considerable amount of variation both in the 
size of the ege and of the oil-globule, similar to what is found 
in the eggs of other fishes. 

The following is a summary of the occurrence and 
distribution of the eggs in the plankton collected by the steamer 
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during the year. The arrangement is the same as that adopted 
in the XXI Annual Report published in 1913. 


Clupea sprattus, Linn.—Sprat. 


The eggs were found in the plankton collected in Carnarvon 
Bay and along the North Wales Coast from the middle of May 
to the end of the month. They occurred in Cardigan and Red 
Wharf Bays in the beginning of June, and off Nelson Buoy in 
the middle of June. No sprat eggs were found in any of the 
July collections. One sprat egg was found in a sample of 
plankton taken in Carnarvon Bay on August 14th. So far as 
numbers show, the maximum spawning period of the sprat 
occurred about the end of May. A sample collected six miles 
N. of Great Orme’s Head on May 29th contained seventy-two 
eggs. Another sample taken in Red Wharf Bay on the same 
date had twenty-seven. A collection from near the Causeway 
Buoy, in Cardigan Bay, on June 4th contained thirty-five sprat 
eggs. The numbers diminished rapidly after these dates, and 
the eggs ceased to be represented in the plankton taken after 
August 14th. 


Gadus callarias, Linn.—Cod. 


The first eggs of the cod were found in plankton collected 
five miles E. of Point Lynus on February 6th. They were 
present in thirty-three samples taken in various parts of the 
Irish Sea from Bahama Bank to off Point Lynus, between the 
date given and May 9th. The numbers present in the samples 
gradually increased until the period between March 18th and 
April 15th when the maximum was apparently reached. 
After the latter date they diminished, and finally disappeared 
from the plankton in the second week of May. Plankton 
samples collected half way between the “ Hole” and Bahama 
Bank on March 18th; eight miles KE. } 8. of Pot Lynus on 
April 3rd ; twenty miles W.N.W. from Piel Gas Buoy on April 
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15th and twenty-five miles W.N.W. from Piel Gas Buoy on 
the same date contained an average of six hundred cod eggs 


per sample. 
Gadus aeglefinus, Linn.—Haddock. 


During the two years previous to 1913 no haddock eggs 
were observed in any of the plankton samples. Only two 
records were obtained in 1913, and from the number of eggs 
present it is probable that spawning fish were very scarce. 
Two haddock eggs were found in plankton collected five miles 
N.W. by W. from Peel, Isle of Man, on May 7th. A few adult 
fish were caught in the trawl net which was being worked at 
the same time. A sample of plankton from Carnarvon Bay on 
May 15th contained eleven haddock eggs. 


Gadus merlangus, Linn.—Whiting. 


The eggs of the whiting made their appearance in the 
plankton for the first time in 1913, in a collection taken five 
miles H. of Point Lynus on February 6th. They were present 
in variable numbers all over the Irish Sea, from Bahama 
Bank to off Pomt Lynus, between the date mentioned and 
May 19th. The eggs extended shorewards to the Selker Light 
Vessel off the Cumberland coast to Nelson Buoy at the entrance 
to the Ribble. The maximum spawning period was probably 
early in April and slightly later than the cod. A tow-netting 
taken twenty-five miles W.N.W. from Piel Gas Buoy on April 
15th contained two thousand four hundred eggs of whiting. 


Gadus virens, Linn.—Green Cod, Coal-Fish. 


Hggs identified as those of the green cod or coal-fish were 
observed in five tow-nettings taken between the “ Hole” and 
Bahama Bank, and Bahama Bank and Selker Light Vessel, 
on February 18th. They were present again on March 3rd, 
fifteen miles W.N.W. from Piel Gas Buoy. These are the 
only records which there was any certainty about. 
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Gadus luscus, Will.—Bib. 

The eggs of this fish were fairly plentiful and generally 
distributed over the whole of the Irish Sea from Point Lynus 
to Bahama Bank, and shorewards as far as Selker Light 
Vessel and Nelson Buoy, between February 2nd and May 19th. 
Considerable numbers of the eggs were found in plankton 
collected on March 17th, between Selker Light Vessel and 
Bahama Bank, and on the following day half way between 
Bahama Bank and the “ Hole.” One thousand two hundred 
bib eggs were present in a sample collected twenty-five miles 
W.N.W. from Piel Gas Buoy on April 15th. A large number 
of various kinds of fish eggs appeared to be floating about off 
Nelson Buoy on May 9th, as the sample of plankton which was 
taken was estimated to contain five thousand bib eggs alone. 


Gadus minutus, Linn.—Poor Cod. 

Eggs which appeared to belong to the poor cod were 
observed for the first time in plankton collected eight miles 
E. 4S. of Point Lynus, and nine miles 8. of South Stack on 
April 3rd. They were generally distributed over the Irish 
Sea in May. A collection taken twenty-four miles W.N.W. from 
Piel Gas Buoy on May 5th was estimated to contain four 
thousand eight hundred eggs of poor cod. The eggs were 
present in Carnarvon Bay on May 27th. The last poor cod eggs 
observed were found in plankton collected five miles W.S.W. 
from Duddon Buoy on June 6th. 


Onos spp., Risso.—The Rocklings. 

The eggs of a species of rockling were found in plankton 
collected five miles K. of Point Lynus, on February 6th. They 
were generally distributed in the Irish Sea from Bahama 
Bank to off Point Lynus, and shorewards to Selker Light 
Vessel and Nelson Buoy, during the months of February, 
March, April, May, June, and July. They were present in 
Red Wharf Bay in May and June. They occurred in Cardigan 
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and Carnarvon Bays in May, June, and July. Rockling eggs 
were more abundant in the plankton collected in the month 
of May than in any of the other months mentioned above. 
The largest number were obtained from a sample collected 
off Nelson Buoy on May 9th. It was estimated that one 
thousand five hundred eggs were present. Hight hundred 
were found in another sample from the same area collected on 
May 19th. 


Ctenolabrus rupestris, Linn.—Jago’s Goldsinny. 


A very small pelagic egg, which was identified as that of 
Jago’s Goldsinny, occurred four times in the plankton collected 
in July and August. It was found in Carnarvon Bay on July 
2nd; Cardigan Bay on July 6th; South end of Blackpool 
closed ground on July 25th; and off Great Orme’s Head on 
August 7th. The sample taken off Blackpool contained thirty- 
four goldsinny eggs, which was the largest number obtained. 


Scomber scomber, Linn.—Mackerel. 


It is rather surprising that although there was a great 
abundance of this fish in the Irish Sea in the summer of 1913, 
only three eggs were obtained and each one from a widely 
different area. One was found in plankton collected at the 
‘entrance to the Mersey on July 8th. Another in Carnarvon 
Bay on July 22nd, and the third in Tremadoc Bay also on 
July 22nd. It is probable that very few of the fish spawned 
in the Irish Sea during their visit. 


Psetta laevis, Rondel.—Brill. 


Eggs, identified as brill, were found on two occasions in 
the plankton collected by the steamer in 1913. Two were 
obtained from a sample taken ten miles N.N.W. from Piel 
Gas Buoy on June 2nd. Another two were present in a shear- 
netting taken near Carnarvon Bay Light Vessel on June 4th. 
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Psetta maxima, Linn.—Turbot. 

The eggs of this fish were also taken twice in the plankton 
collected by the steamer in 1913. Six were found in the 
collection taken ten miles N.N.W. from Piel Gas Buoy on 
June 2nd. Three occurred in a sample collected near the 
Causeway Buoy in Cardigan Bay on June 4th. 


Zeugopterus punctatus, B].—Muller’s Top-knot. 


The pelagic eggs of a top-knot which were identified as 
belonging to the above fish were found in plankton collected 
in Red Wharf Bay on May 29th, June 5th, and June 11th. 
They were also present in Tremadoc Bay on July 22nd. That 
sample contained 12 specimens. The three samples from Red 
Wharf Bay only contained four top-knot eggs altogether. 


Lepidorhombus megastoma, Donov.—Megrim. 


The eggs of the megrim or sail fluke appeared to be 
generally distributed in the Irish Sea from Pomt Lynus to 
the vicinity of Bahama Bank, and shorewards as far as Nelson 
Buoy, in April and May. The maximum spawning period was 
probably about the last fortnight m April. A collection of 
plankton, taken nineteen miles N.W. by W. from Morecambe 
Bay Light Vessel on April 17th, contained four hundred and 
ninety-six megrim eggs. Another sample, from twenty-four 
miles W.N.W. from Piel Gas Buoy on May 5th, had three 
hundred eggs of this fish. 


Pleuronectes platessa, Linn.—Plaice. 


The pelagic eggs of this important food fish, although 
generally distributed in the Irish Sea between Lancashire and 
the Isle of Man from the beginning of February to the middle 
of April, were very scarce. They occurred in nineteen samples 
taken during the period mentioned, but the average number 
of eggs present was only about 3 per sample. The eggs were 
observed for the first time in four tow-nettings taken on 
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February 2nd between Bahama Bank and Selker Light Vessel. 
The last plaice eggs were froma sample of plankton collected 
half-way between Bahama Bank and the “ Hole ”’ on April 17th. 
The followmg table shows the distribution and numbers of 
plaice eggs obtained from the plankton collected by the steamer 
in 1913. 


Number 

Position. Date. of eggs 

present. 
5 miles W. by S. of Selker Light Vessel ............... S213"... 
LL) CLE, ISAT 18/2/1913 2 
2 Sby Longis Ges | ee nr 18/2/1913 3 
Between Bahama Bank and Selker Light Vessel ... 18/2/1913 8 
ERY oo aise sono gece oc encin sen node se enena'nsiensssns 24/2/1913 2 
iOrrmailes VV. from Duddon Buoy — ...........:.0c.oseeseee 24/2/1913 2 
eames irom Duddon Buoy, ...............c.c.sesesseeees 24/2/1913 1 
20 miles N.W. 4 N. from Piel Gas Buoy ............... 25/2/1913 il 
15 miles S.W. from Morecambe Bay Light Vessel ... 26/2/1913 1 
10 miles N. from Great Orme’s Head..................00 26/2/1913 1 
10 miles §.W. from Morecambe Bay Light Vessel ... 26/2/1913 2 
Pree EON SSC. acc cance ec nsec siaracesdenciesssieecccnense 17/3/1913 6 
Between Selker Light Vessel and Bahama Bank ... 17/3/1913 9 
POMEL DANA ees 5 go dars acim cinn dah see ose bensecsnce se 18/3/1913 2 
25 miles W.N.W. from Piel Gas Buoy ..............0+0+ 18/3/1913 2 
4 way between “ Hole” and Bahama Bank .......... 18/3/1913 10 
Namiles WNW; from Piel Gas Buoy ............-0+00 15/4/1913 2 
Morecambe Bay Light Vessel .............scecssseceseeeers 15/4/1913 1 
4 way between Bahama Light Vessel and “ Hole”... 17/4/1913 3 


Pleuronectes’ limanda, Linn.—Dab. 


The first dab eggs were observed as early as February 24th 
in plankton collected one mile 8. from Duddon Buoy. They 
appeared to be generally distributed all over the Irish Sea 
from Bahama Bank to Red Wharf Bay and Nelson Buoy 
during March, April and May. Dab eggs were present in 
plankton collected in Carnarvon Bay on May 13th and 28th. 
The maximum spawning period of this fish occurred probably 
early in May. A tow-netting taken twenty-four miles W.N.W. 
from Piel Gas Buoy, on May 5th, contained two thousand 
four hundred eggs of the dab. Another sample, taken at Nelson 
Buoy on May 9th, was estimated to contain three thousand 
five hundred eggs of dab along with the pelagic eggs of other 

species of fish. 


I 
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Pleuronectes flesus, Linn.—Flounder. 


Flounder eggs were recognised for the first time in the 
plankton collected in the Irish Sea in 1913, five miles W. by 8. 
from Selker Light Vessel on February 18th. They were generally 
distributed in the northern area of the Irish Sea from the date 
mentioned to the middle of April. The numbers present in the 
samples of plankton were never very large, and only exceeded 
one hundred on three occasions. A collection taken twenty-two 
miles W.N.W. from Piel Gas Buoy on March 3rd, contained 
one hundred and twenty. Another sample, from half-way 
between the ‘“ Hole”? and Bahama Bank on March 18th, 
contained four hundred and eighty. The third time the hundred 
was exceeded was in a sample taken nineteen miles N.W. by W. 
from Morecambe Bay Light Vessel on April 17th, when two 
hundred and eighty-eight flounder eggs were found. 


Pleuronectes macrocephalus, Donov.—Lemon Sole. 


Pelagic eggs which were identified as those of lemon sole 
were found in plankton collected nine miles 8. of South Stack 
on April 4th. They occurred again five miles N.W. by N. 
from Peel, Isle of Man, on May 7th. Collections taken in Red 
Wharf Bay on May 15th, 20th, and 29th, and again on June 5th, 
contained an average of thirty-one lemon sole eggs each. 
Plankton collected six miles N. from Great Orme’s Head on, 
May 29th contained forty-two eggs of this fish. Lemon sole 
eggs were not observed after June 5th. 


Pleuronectes cynoglossus, Linn.—Witch. 


The pelagic eggs of the witch were only found on one 
occasion in 1913. Fifteen were present in a sample of plankton 
collected five miles N.W. by N. from Peel, Isle of Man, on 
May 7th. The adult fish are found in fair quantities West of 
the Isle of Man and off Calf Island, but they are not often 
met with between the Isle of Man and Lancashire. 
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Solea vulgaris, Quen.—Sole. 


The characteristic pelagic eggs of the sole were only 
observed in five samples of plankton, and with one exception 
the numbers present were quite small. They were first found 
twenty-four miles W.N.W. from Piel Gas Buoy on May 5th. 
This collection was estimated to contain three thousand 
six hundred sole eggs. Plankton collected nine days later 
at almost the same place had only one sole egg. Four sole eggs 
were observed in a sample collected thirteen miles 8.W. from 
Morecambe Bay Light Vessel on May 14th. They were present 
in Carnarvon Bay on May 27th and June 4th. 


Solea lutea, Risso—Solenette. 


Small pelagic eggs with many oil-globules, which were 
identified as those of the solenette, were found in plankton 
collected in Carnarvon Bay on May 15th and 27th, and on 
June 3rd. They occurred near the Causeway Buoy in Cardigan 
Bay on June 4th and in Tremadoc Bay on July 6th. They 
were also present off Nelson Buoy on May 24th and on June 


12th. 
Trigla gurnardus, Linn.—Grey Gurnard. 


Trigla cuculus, Linn.—Red Gurnard. 
Trigla lucerna, Linn.—Yellow Gurnard. 


The pelagic eggs of the three common species of Gurnard 
were almost certainly present in the plankton collected by the 
steamer in 1913, but as the sizes of the eggs of the three species 
overlap, it is quite impossible to separate them. Gurnard eggs 
were first observed in plankton collected nine miles S. of South 
Stack on April 3rd. They were afterwards present at the 
following stations :—five miles N.W. by N. from Peel, Isle 
of Man, on May 7th; thirteen miles 8.W. from Morecambe 
Bay Light Vessel on May 14th; in Carnarvon Bay on May 15th 
and 27th ; in Cardigan Bay on May 21st; im Red Wharf Bay 
and six miles N. of Great Orme’s Head on May 29th. 
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Trachinus vipera, Cuv. and Val.—Lesser Weever. 


The eggs of the lesser weever or sting-fish appeared to be 
generally distributed in the coastal waters of the Irish Sea, 
Cardigan and Carnarvon Bays in May, June, July, and August. 
They were rarely met with in the plankton collected in the 
central area. The number of eggs present in the plankton 
usually ranged from one to eighteen. A collection taken in 
Carnarvon Bay on June 3rd, however, contained sixty-four 
lesser weever eggs. 


Callionymus lyra, Linn.—Dragonet. 

The characteristic eges of the dragonet, which can be 
readily recognised by the hexagonal markings on the outside 
of the shell, were observed as early as January 23rd in a sample 
of plankton collected in Ramsey Bay. The eggs were generally 
distributed in the off-shore and coastal waters of the Irish 
Sea until June 5th. One sample collected twenty-four miles 
W.N.W. from Piel Gas Buoy on May 5th was estimated to 
contain nine thousand six hundred dragonet eggs. Another 
from near Nelson Buoy on May 9th contained one thousand 
egos. Plankton collected in Carnarvon Bay on May 15th 
contained fifty-one dragonet eggs. Another collection taken 
on May 27th contamed one hundred eggs. Dragonet eggs 
apparently disappeared from the Irish Sea aiter June 5th, and 
from Carnarvon Bay after July 22nd. The eggs in one of the 
large catches were measured to find out how much variation 
in size occurred amongst them. It was found that the smallest 
ego measured 0-72 mm. in diameter, and the largest egg 0-86 
mm. in diameter—a difference of 0-14 mm. McIntosh and 
Masterman give the size as 0-686 mm. in diameter. Professor 
Ehrenbaum gives the size as 0:69 mm. to 0-94 mm. in 
‘‘ Nordisches Plankton.” There is evidently a considerable 
variation in the size of the eggs of the dragonet in the North 
Sea and in the Irish Sea. 
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INTERNAL PARASITES AND DISEASED CONDITIONS 
OF FISHES. 


By Jas. Jounstong, D.Sc. 
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Didymozoon scombri, Taschenberg.—Plates I and II. 


A number of specimens of this interesting Trematode 
were found by Mr. A. Scott, when examining small mackerel 
caught in the Irish Sea just outside Walney Island, in 
Lancashire. Odhner* has given a very full and accurate 
account of the anatomy of the animal, all the details of which 
I have been able to verify. Nevertheless these particular 
specimens may be worth describing shortly. 

The worms were contained in cysts (1) on the roof of the 
mouth beneath the pharyngo-branchials: this was the most 
common situation; (2) on the basi-branchials; (3) on the 
external surfaces of other parts of the gill bars; (4) on the 
internal surface of the operculum. Usually the cysts were 
single ones, but rarely there was a group of them. They 
usually measured about 4 to 5 mm. by 2 to 3 mm., but one 
or two were much larger. They were light-yellow in colour 
because of the eggs within, which showed through the delicate 


*OpuneR, T. “ Zur Anatomie der Didymozoen : ein getrenntgeschlecht- 
licher Trematode mit rudimentiren Hermaphroditismus.” In Zoologiska 


Studier tillagnade, Professor T. Tullberg, pp. 309-342, 1 Plate, Uppsala, 1907. 
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walls of the duct and that of the cyst. They were easily 
ruptured when they were removed. One cyst dissected. by 
Mr. Scott contained 13 large and 3 small worms. 

Fig. 1, Pl. II, represents a section through one of the 
smaller cysts which had been dissected out. This cyst, and 
another one examined in section, contained two worms, and 
the heads of these worms are shown in the figure. The 
bodies of the worms are coiled round each in a way suggested 
by the figure, so that it is difficult to trace one individual 
through the series of sections, but one can be certain that 
only two worms are contained in the cyst. The integuments 
of the two individuals, and even that of different coils of the 
same individual, are applied to each other very closely, so 
that examination of the section under a high magnification 
fails to resolve these apposed integuments. The two worms 
cannot be separated from each other by dissection, and it 
seems certain that, in some of these cysts there is an actual 
organic fusion of the individual worms. Nevertheless it is 
impossible to trace any connection of the two systems of 
genital organs. 

The cyst has a distinct, thin wall of its own, which is very 
easily ruptured on dissecting it out from the tissues of the host. 
Here and there in the section there are spaces between the © 
coils, and these spaces are usually filled with eggs. It may 
be that these eggs have issued from the female genital opening, 
either naturally, or on the contraction of the cyst following 
preservation and embedding, but it is more probable that 
the uterus becomes ruptured in places and that the eggs thus 
escape. 

The shaded parts in the figure represent those parts of 
the tissues of the worm where the typical “‘ parenchymatous ”’ 
tissue occurs. The small dark bodies are sections of either 
the vitelline gland or the ovary: it is sometimes difficult to 
be sure which when the position of the section is unknown, 
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The sections of the uterus can be recognised by the presence 
of the eges. The apparently empty spaces in the section, 
or those which contain fine granular matter are sections of 
the branches of the alimentary canal and of the large excretory 
canals. | 

Only one of the cysts examined—one which was situated 
on the external surface of an outer gill-bar, contained separate 
worms. About half a dozen of these were dissected out by 
Mr. Scott, and the worms were fixed and stained. They varied 
in length from about 14 to 2 cms., and in diameter from } to 
rather more than 1 mm. The worm had a distinct neck, and 
the hinder part of the body was thicker than the neck, but . 
there was no large expansion of the posterior body, like that 
present in some other species belonging to the group. The 
worms coil up spirally and cannot easily be straightened out 
during fixation. One was straightened out during the process of 
dehydration, and even cut into serial sections, but the process 
of straightening led to the collapse of the branches of the 
alimentary canal, and the excretory canals, so that it was 
difficult to trace the genital ducts in these sections. Another 
worm was cut longitudinally as the coiling after death took 
place in one plane. PI. I, which represents the arrangement 
of the genital organs, is based almost entirely on this 
preparation. The most conspicuous organ is, of course, the 
female genital duct. This starts from the shell-gland as a 
short thin oviduct and then runs forward as a narrow duct; 
it is the first segment of the uterus, and contains small, © 
round, thick-shelled eggs. Near the anterior end of the body 
it turns back and runs posteriorly as the second part of the 
uterus, and then reaching the posterior end of the body it 
runs forward again as the third segment of the uterus. It 
dilates greatly in some of the worms near the anterior end. 
Then there is a short, thick-walled, very narrow, efferent 
genital duct which opens at the tip of the genital papilla. 
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There is a thick-walled, narrow duct which runs along the 
convex margin of the worm (that is, the latter coils so that this 
margin is always the convex one). This duct is apparently con- 
tinuous throughout. It isvery much coiled and twisted—much 
more so than is represented in the figure, but it lies, on the 
whole, on the convex side of the worm. Looking at it closely 
we see that its anterior part 1s structurally different from the 
posterior part, and the transition from one part to the other 
occurs in the region of the shell-gland. The actual disposition 
of the parts in this region is represented in fig. 2, Pl. IJ. The 
calibre of the duct in question suddenly diminishes and it is 
joined by a short fine duct coming from a receptaculum seminis, 
and almost at the same place another fine duct leaves it. 
The latter is the oviduct, and this is surrounded, at its origin, 
by a shell-gland entirely similar to the homologous organ in 
other Trematodes. The oviduct, convoluted at this region, 
then enlarges in calibre and passes into the first segment of 
the uterus. The anterior part of the fine duct we have men- 
tioned is the ovary: the posterior part is the vitelline gland. 

The male organs are greatly reduced. There is a very 
fine efferent duct opening close to the female genital orifice 
on the tip of the genital papilla. This enlarges to form a 
feebly-convoluted duct, similar to the structure called the 
vesicula seminalis in most Trematodes, but which Odhner calls 
the unpaired vas deferens. The distal part of this is the 
greatest in calibre. From it two very fine short ducts proceed, 
and these rapidly enlarge to form thick, richly-convoluted 
ducts—the paired vasa deferentia of Odhner. Then they 
are continued into short, narrow, feebly-coiled ducts, called the 
testes by Odhner. There are no traces of prostate gland or 
intromittent organ. : 

In Pl. I, the various genital ducts have been 
“‘ straightened-out.”’ Their convolutions are really far more 
complex than is represented in the figure. 


7 
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Myxosporidian Infection in the Anarrichas lupus. 

A large catfish (Anarrichas lupus) sent to me by Mr. F. 
Stokes was the subject of an extraordinarily rich infection by 
a species of sporozoan. Dr. H. M. Woodcock, who saw some 
of the tissue from this fish, identified the organism as a species 
of Pleistophora, possibly new. Dr. H.C. Williamson* has also 
described a similar condition in Anarrichas and regards the 
parasite found as identical with Pleistophora hippoglossoides, 
Bosanquet ; while Drew} also describes a new Pleistophora 
from the muscles of the cod. It is not at all certain, however, 
that the organism referred to here is identical with either of 
those described by Williamson and Drew, and pending Dr. 
Woodcock’s investigation of its nature I only describe the 
infection briefly. The whole fish, one about 27 inches in length, 
was infected. All the flesh was knobby, as if large marbles 
had been inserted some little distance beneath the integument. 
On cutting into it, 1t was seen that these protuberances were 
the result of the swelling of large blocks of muscle fibres, and 
the swellings were also seen to be the result of the deposition 
within the fibres of ripe cysts crowded with ripe spores. No 
part of the flesh of this fish appeared to be quite free from 
infection, but underneath the visible protuberances the 
alteration of the normal muscle tissue was profound. The 
ripely infected tissue was grey-green in colour and very soit, 
so that on cutting into it it seemed to be fluid, a condition 
due, probably, to the autolysis of the connective tissue remains 
of the muscle fibres and bundles, and the liberation of the 
ripened spores. 

Ovarian Degeneration in a Cod.—Plate II. 

In March of this year Mr. T. R. Bailey, Port Sanitary 

Inspector at Fleetwood, sent me an ovary taken from a cod, 


* Ann, Report Fishery Board for Scotland Sci. Invest., 1911, II., (March, 
1913), p. 16, Pl. III, figs. 59-62. 


{ Parasitology, Vol, II., 1909, p. 193, Pl. 1. 
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which appears to be the subject of some obscure degenerative 
process. In its external appearance the ovary presented no 
very remarkable features: it was about the normal size and 
weight, and its shape was also very much what one usually 
finds. On cutting through it Mr. Bailey found; however, that 
the central part of the roe was occupied by a homogeneous 
irregularly shaped mass, having the consistency of cheese. He 
preserved the organ in 5% formalin and sent it to me, but it 
had been in the preservative for a month or two before I had 
an opportunity of making a minute examination of it. 

Fig. I, Pl. III, is reproduced from a drawing of a longitu- 
dinal section of the ovary. The figure is reduced, and the 
section was made some distance to one side of the middle line 
of the organ, so that it does not represent the full size of a 
median section. The peripheral parts of the ovary are per- 
fectly normal, the serous coats are present and also the germinal 
epithelium, and some of the coarser folds, or septa, of the latter 
are represented. The ova are present in this peripheral part 
just as they are in the normal ovary. The fish was taken in 
March, at the time of year (for the north-west coast of England) 
when many cod are just maturing before spawning begins. At 
this time the ovaries of the fish are firm and opaque in colour, 
the serous coats are relatively thick, the eggs are small and 
opaque, and they are still adherent to the septa of germinal 
epithelium which traverse the internal parts of the ovary. 
With maturation the whole organ swells because of the imbibi- 
tion of water by the ova, and the serous coats and germinal 
epithelium become thin and almost transparent. The ova 
swell up and also become transparent, and they become 
loose from each other and the germinal epithelium, so that 
when the roe is cut into, the eggs “run,” that is, because of 
their freedom from each other, and their almost perfect trans- 
parency, the contents of the ovary appear to be liquid. Ina 
cod, or other gadoid fish, most of the ova mature at about the 
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same time, so that the act of spawning extends over relatively 
few days. In this specimen the eggs in the peripheral parts of 
the affected ovary are quite normal for the stage of develop- 
ment of the organ, and they look as if they would have 
proceeded to complete maturation, but whether these ova 
would have been spawned in the normal manner is, of course, 
uncertain. 

The degenerative mass in the central part of the ovary 
was evidently much harder than when it was examined in the 
fresh condition by Mr. Bailey. After about two months 
preservation in 5% formalin it had the consistency of hard 
cartilage. It had rather the appearance of a fibrous cartilage, 
except that it was yellow-brown in colour, and very finely 
granular. Round the marginal parts there was a very evident 
lamination, but in the central parts this was not at all distinct. 
The mass was very irregular in shape so that the successive 
sections through the roe presented very different appearances. 
It seemed to be growing, or rather the degenerative changes 
appeared to be proceeding, at different parts of the originally 
unmodified mass of ova, so that here and there were small 
masses of egos surrounded by the new substance, and in some 
of these small areas the eggs were breaking down, apparently 
becoming transformed into the cartilaginous substance of the 
neoplasm. 

Fig. 2, Pl. III, represents a hand section through the 
margin of the altered substance. The unmodified ovarian 
tissues are not shown, but the lower part of the figure is that 
towards the external part of the ovary, and asingle ovum, 
not much modified, is shown. The section has been treated 
with an aqueous solution of silver nitrate and then exposed to 
light, dehydrated and mounted in balsam. The blackened 
portion is the margin of the concretion: it is shown less 
highly magnified in Fig. 1. In Fig. 2 it is seen to be a 
layer of some width, in which there is a sheet of some substance 
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taking the silver impregnation more deeply than the rest. 
The upper part of the figure represents the structure of the 
concretion within the cencentric, deeply impregnated capsular 
structure. 

The material of the concretion becomes very hard on 
dehydration and embedding in paraffin, so that thin, micro- 
tome sections cut in this way break up easily, and it is difficult 
to make out their structure. It is apparent, however, that the 
greater part of this laminar marginal part of the concretion 
is a product of cellular proliferation. It is crowded with very 
small, altered nuclei, which are embedded in a tissue which 
shows no distinct cell boundaries. This is the structure of the 
dark part in fig. 2, and directly above it, that is towards 
the central part of the concretion, is an obscure layer of what 
appear to have been vacuolated cells, elongated in a direction 
which is radial to the concretion. External to the dark part, 
the appearance of the tissues suggests that of a hypertrophied 
fibrous connective tissue. 

The substance of the concretion internal to this dark 
capsular margin consists of a semi-translucent cartilaginous 
looking mass, apparently homogeneous to the naked eye. 
Fig. 3 represents a small part of this—a thin hand-cut section 
stained with Mayer’s haemalum and eosin, and it is now seen 
that the substance is not homogeneous. It consists of a 
ground-substance or matrix staining pink, with haemalum- 
eosin, and in this are strips, or sections of sheets, of some other 
substance which stains a faint blue with the haemalum. 
These strips are not homogeneous, for there is a more deeply 
staining band in the central part of each of them. In the 
matrix there are numerous granules, and lighter staining parts 
as well as sheaves of what appear to be crystals, prismatic in 
form, and with the prisms arranged usually in radial groups. 

What all this structure at once suggests is, first of all, 
an abundant proliferation of the connective tissue in the 
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marginal part of the ovary, forming a concentric internal 
capsule, which has then shut off the mass of ova internal to 
it from the circulation of nutritive fluid in the ovarian sac. 
In the closed ovarian sac of the teleostean fish the blood 
vessels are mainly contained in the serous and fibrous layers 
external to the germinal epithelium. This germinal epithelium 
projects inwardly, as radial septa, towards the centre of the 
ovary, and lymph diffuses out from the blood vessels running 
in these septa, and forms the fluid of the ovarian sac. If a 
non-permeable capsule were to form all the mass of ova within, 
it would be shut off from this lymph diffusion, and might 
possibly cease to mature and break down, both structurally 
and chemically. The ground substance shown in fig. 3 
might therefore represent the altered yolk and other substances 
of the ova, and the blue bands might be sections of the more 
resistant capsules of the eggs. 

On this view some progressive change has therefore 
occurred in the ovary, it may be a sarcomatous condition 
resulting from the over-growth of the connective tissue of the 
ovarian stroma in a marginal, concentric zone of the organ ; 
and this progressive change has been accompanied with a 
retrogressive change, and chemical alteration of the substance 
of the ova. 

The whole thing indeed suggests a dermoid cyst. With 
this idea I searched through it for traces of cuticular or 
epidermal structures, such as scales, but nothing of this kind 
could be recognised. 


The Chemical Nature of the Deposit. 


This has not been fully determined. A part from the 
inside of the deposit, as nearly homogeneous as possible, was 
cut into slices and dried at 100° C. The dried material was 
hard and horny, and did not shrink much (dried at 110° C. the 
material gave 30°9°% of moisture). On heating the dried 
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material first charred and then melted with decomposition 
and burned while melting, at first with a non-luminous flame 
and then with a smoky flame. The smell was that of horny 
charring matter, and purin substances could be detected. 
On igniting strongly the ash was creamy in colour, and not 


abundant. The ash was dissolved in weak hydrochloric acid — 


and precipitated with ammonia and ammonium chloride, 


filtered and reprecipitated with ammonium oxalate. The © 


precipitate was weighed as calcium carbonate. From 2-966 
grms. of the substance dried at 100° 0-030 grms. of CaCO, 
was obtained—less than 1 %. 


The deposit is not, then, a calcareous one. Dr. Titherley, 


of the Organic Chemical Department at the University of 


Liverpool, made a determination of the nitrogen by Kjeldahl’s 


method. There was 13-03 °% of nitrogen in the dried material 
or about 9 °4 in the moist. A rough ether extract was made: 
there was some fat present, but the proportion was not 


estimated. Since the material was not extracted before 


analysis, nor purified, the above percentage of nitrogen agrees 
very well with that of a protein. The preservation (two 
months in 5 % formalin) had doubtless altered the constitution 
of the substance, and some small amount of lime may have 
been dissolved out, but that much lime was so lost is very 
unlikely. Because of this alteration in the nature of the 
material it could not be brought into solution, but the zantho- 
proteic test and the Adamkiewiez test were applied with 
positive results. The substance, therefore, probably belongs 
to the group of sclero-proteins, or to that of the conjugated 
proteins. It is apparently allied to the chondrein proteid 
substances. The deposit is clearly not a calcareous one, nor 
can we say that it is a teratoma. Yet the progressive altera- 
tions indicated at the margin of the deposit seems to indicate 
either a teratomatous or a sarcomatous nature; on the other 
hand the whole appearance of the substance, its microchemical 
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reactions, and its chemical composition suggest that it is allied, 
or belongs to the amyloid deposits of human pathology. 
The iodine test for amyloid substance was applied successfully, 
and so far as this goes it indicates that this is part of the nature 
of the deposit. 


Epitheliomata in the Turbot.—Plate IV, fig. 1. 


A large turbot, which was seized by Mr. T. R. Bailey, 
Inspector at Fleetwood, was covered with black, raised spots, 
both on the ocular and blind sides. The fish was very thin 
and in poor condition, and its eyes were affected by a thickening ~ 
and opacity of the cornea. The spots on the skin varied in 
size from about 4 up to2cms. Most of them were, apparently, 
only black pigment spots, many being hardly raised above the 
general surface of the skin. Some, however, were raised up 
about 1 to 2 mm., and were only very slightly pigmented. 
One of these more prominent lesions was cut out, fixed in 
Zenker’s fluid, and sections were made. One of these sections, 
stained in methyl-blue-eosin, is represented in fig. 1, Pl. IV. 

The section includes the integument and part of the 
underlying systemic muscles: two bundles of the latter are 
shown. The integument in this fish—a large and full-grown 
one—consists mainly of a very thick and strong layer of coarse 
connective tissue fibres. These are arranged in two series, 
one consisting of bundles of fibres running perpendicularly to 
the surface of the skin: these are thick and coarse bundles ; 
and another series consisting of bundles which run parallel 
to the surface of the skin. These two series of bundles cross 
each other nearly at right angles; between them is a loose 
fibrous tissue with small cells. Between this coarse fibrous 
layer and the underlying systemic muscles is a loose areolar 
tissue, and between it and the epidermis is also a rather coarser 
areolar tissue containing an interrupted layer of black pigment. 
The epidermis, that is, an evident squamous epithelium lying 
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over prickle-cells, can hardly be recognised in the region of 
normal skin. 

The figure shows a flat, wart-like protuberance of the 
skin, and beneath this protuberance there is a partial dis- 
integration of the coarse fibrous layer. This disintegration 
is produced by the down-growth of tissue from the dermis or 
epidermis, and this tissue penetrating between the connective 
tissue bundles has led to partial absorption of the latter. 
The intrusive down-growing tissue consists mainly of fine 
fibres running in various directions, but between these bundles 
of fibres are cells arranged sometimes in short cords, and there 
is also an abundant infiltration of lymphocytes. 

The lesions suggest sarcomatous conditions, but they are 
not quite like any of those which I have already seen, and 
melanism is usually absent in the most typical tumours. The 
condition rather resembles that of an epithelioma, except 
that there are no traces of squamous epithelium or prickle-cells. 
The lesions are, however, atypical ones. 


Halibut with Benign Tumours in the Body Muscles.— 


Plate IV, figs. 5 and 6. 
| On October 30, 1913, Mr. F. Stokes, Port Sanitary 
Inspector at Grimsby, sent me a large piece of halibut cut 
from a fish which had come under suspicion. For certain 
reasons it became necessary to investigate closely the question 
of the malignancy or otherwise of growths, or tumours, 
in the flesh of this fish. The halibut was an unripe female, 
weighing over 2 cwts., and it was apparently well-nourished 
and in good condition. On the coloured side, behind the 
body cavity, there were two large lesions; one of these had been 
removed, the flesh being cut away round and beneath it, the 
other was intact. The skin had disappeared over a round area 
about 10 cms. in diameter. The wound so formed was not 
sunken, and its surface was level with the surrounding tissue, 
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but the skin round its margin was slightly raised and thickened. 
Near this large sore were some smaller ones about | to 2 cms. 
in diameter. Unlike'the larger lesion, these were rather deep. 
In all cases the exposed tissue was creamy in colour and 
obviously not muscular. There was no pus or blood, and the 
wounds were quite clean ones. 

On feeling the rest of the fish, firm and hard nodular 
masses could be detected beneath the skin, although they 
were not visible in any case. On cutting down, these were seen 
to be rounded or egg-shaped masses, embedded in the muscular 
tissues. They were opaque and white in colour, usually hard, 
but in some of them the internal parts had suffered necrosis, 
and had liquefied. These growths were about 2 to 6 cms. in 
diameter. 

Fig. 3, Pl. II, represents a vertical hand-section through the 
large lesion. The normal integument is shown at the upper 
edge of the section, both on the right and left hand sides: on 
the left, part of a scale is shown in the section. Below there are 
normal bundles of muscle fibres running in the plane of the 
paper. The stippled part of the figure represents the locus of 
the abnormal growth. It occupies a situation below the 
abraded surface of the body forming the lesion. There are 
also some other growths in connection with the main one or 
independent of it. 

Fig. 5, Pl. IV, represents a section through a small part 
of one of these growths as seen under a high-power oil-immersion 
lens. The tissue is of the “ fibro-sarcomatous ” type, that is 
its chief constituent is perhaps a coarse and dense fibrous 
reticulum as shown in the section. In some places this fibrous 
tissue is the predominant one, and the growth has all the 
characters of an ordinary fibroma, but in other places, as in 
the part figured, the tissue consists mainly of small round cells 
with large nuclei, and here the growth assumes the character 
of a sarcoma consisting of small round cells. The cells are 
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tightly packed together in the interstices of the fibrous 
reticulum, and here and there this is reduced to a mimimum. 

Kven the naked-eye appearance of the hand-sections 
suggests that the growths are encapsulated, for the boundaries 
are always very definite, although none of the tumours can be 
“shelled-out.” Fig. 6, Pl. IV, represents a section through 
the margin of one of the larger growths, as seen under a low- 
power lens. The closely stippled part on the left is the locus 
of the growth, which has the same characters as are represented 
in fig. 5, Pl. IV; on the right are muscle fibres cut slightly 
- obliquely. The texture of these muscle bundles is rather loose ; 
they are loaded, in some places, with fat cells; and there is 
a rather abundant inter-fibrillar connective tissue reticulum, 
in which, of course, the fat occurs. Between these muscle 
fibres and the neoplasm is the capsule, composed of bundles of 
rather coarse connective tissue fibres, with very many small 
nuclei. 3 

This capsule appears to exist round all the nodular masses. 
The latter are of various sizes, and appear therefore to be 
growing, but they are so sharply delimited from the surrounding 
tissues that one cannot speak of them as malignant in character, | 
in spite of their resemblance to some sarcomatous tissues. 
The loss of the skin over the surface of the large growth, and ~ 
the liquefaction in the centres of some of the other tumours, 
- are due to necrosis which is doubtless the result of the very 
imperfect vascular supply of these formations. 


Fibrosis of the Liver in a Conger.—Plate IV, figs. 24. 


This appears to be the nature of some abnormal conditions 
of the liver of the conger (as well as that of some other fishes) 
noticed by Mr. Richard Elmhirst, of the Millport Biological ) 
Station. In these fishes the liver contained small, round, 
hard nodules, easily felt on handling the organ. The nodules 


‘were about 2 to 5 mm. in diameter. Some were cut out, 
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fixed in Bouin’s fluid, and given to me by Mr. Elmhirst, and 
the figs. 2, 3, and 4 of Pl. IV represent the minute anatomy of 
these structures. 

Fig. 4 represents the appearance of a section through one 
of these nodules as seen under a low-power lens. It is a nearly 
globular mass of connective tissue, consisting of wavy bundles, 
running in all directions. There are numerous, irregularly 
shaped cavities in the section, and towards ‘the centre of the 
nodule these are quite empty, but towards the margins many 
of them contain capillaries or other small blood-vessels. The 
cavities in the central parts of the nodule were probably also 
those of blood vessels, and the whole structure appears to be 
a proliferation of Glisson’s capsule. 

Fig. 2 represents a section of a nodule at the margin of 
the latter. The fibrous structure is sharply delimited from 
the surrounding liver parenchyma although there is no con- 
centric capsule, or other limiting layer. Round the periphery 
of the nodule there is a very rich capillary network, richer than 
that represented in the figure. Some of these capillary vessels 
can be traced into the fibrous tissue of the nodule, but most of 
them appear to be restricted to the immediate neighbourhood 
of the latter, while still remaining outside it. The fibrosis of 
the liver is therefore accompanied by an active inflammatory 
condition. 

Fig. 3 shows the minute anatomy of the liver parenchyma 
in the immediate vicinity of the fibrous nodules. The ordinary 
liver cells have disappeared, and in their place is the rich 
capillary blood vascular network, in the interstices of which 
are numbers of large round cells loosely and irregularly 
arranged. These cells have large nuclei with prominent 
nucleoli. The cell body appears to be richly vacuolated, or to 
have deposits of some unstainable material. Between them 
is a débris of apparently broken-down cell material. Nothing 
in this suggests ordinary hepatic tissue, and it appears to be 
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the result of a strongly inflammatory condition in the localities 
of areas of active cell proliferation. 


Fibroma in the Orbit of a Cod.—Plate V. 


The head of a large cod, sent to me in July last by Mr. T. R. 
Bailey, had the interesting tumour represented in the photo- 
graph on Pl. V. This tumour was on the left side of the head, 
and projected out from the anterior border of the orbit: it 
was about 7 cms. in height, and about 6 cms. in diameter. It 
had a shallow constriction separating it into upper and lower 
parts. It was hard, and dirty-white in colour. The integu- 
ment over it was apparently normal except that it had been 
rubbed, or abraded mechanically. 

The tumour does not involve any part of the eye, but 
appears to have grown from the sub-integumentary structures 
at the anterior margin of the orbit. The excessive growth has 
pushed the eye back, and down into the posterior part of 
the orbit, so that it is only just seen in the photograph, 
immediately behind the tumour, where the sharply marked 
boundary is, of course, the posterior wall of the orbit. On 
dissecting into the base of the tumour, the eye and eye-muscles 
are seen to be quite normal in their size and relations; they are 

‘simply overgrown by the tumour. 

The growth is, of course, an ordinary fibroma without any 

indications of malignancy. 
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EXPLANATION OF THE PLATES. 


PuatTE I. Didymozoon scombri, Taschenberg. 


A single worm dissected out from a cyst, stained in borax- 
carmine and cleared. Magnified about 17 dia. 


PuaTE II. Figs. 1 and 2, Didymozoon scombri. Fig. 3, 
Benign tumour from a Halibut. 


Fig. 1. A section through a cyst containing two worms. 
Magnified about 34 dia. 

Fig. 2. Semi-diagrammatic representation of the junction 
of the genital ducts. The figure has been drawn 
partly from a, cleared preparation, and partly from 
serial sections. Magnified about 140 dia. 

Fig. 3. Benign tumour from a Turbot. Section through a 
lesion on the skin. The uninjured skin, showing 
some scales in situ, 1s shown on the upper right and 
left corners of the figure. The stippled area is the 
locus of the tumour. Part of a small capsulated 
tumour is seen at the lower left corner. Some large 
bundles of muscle fibres are shown. About two- 
thirds natural size. 


Prats III. Ovarian degeneration in a Cod. 


Fig. 1. Longitudinal hand-section through the ovary. Round 
the margin is the unaltered tissue of the organ ; 
centrally is the degeneration tissue. About five- 
sevenths natural size. 

Fig. 2. Section through the margin of the degeneration tissue. 
The stain is silver nitrate reduced by exposure to 
light. Magnified about 40 dia. 

Fig. 3. Section through the central part of the degeneration 
mass. The stain is haematoxylin and _ eosin. 
Magnified about 200 dia. 
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Pirate IV. 


Epithelioma froma Turbot. Vertical section through 
one of the wart-like protuberances on the skin of 
the fish. The part diagrammatically shaded with 
fine lines and dots is the new growth. Below this 
is the broken subdermal coarse connective tissue 
layer. Below this again is the body musculature. 
Magnified about 25 dia. 

Fibrosis of the liver in a Conger. The margin of a 
fibrous nodule seen under an oil-immersion lens. 
The same. Some cells from the altered hepatic 

tissue round the fibrous nodule. , 

The same. A fibrous nodule cut meridianally. 
Centrally is the new growth; marginally the altered 
hepatic tissue. Oul-immersion lens. 

Benign tumour from the muscles of a Halibut. Details 
of the structure of the fibroma as seen under an 
oil-immersion lens. Fine reticulum of connective 
tissue, with small rounded cells in the interspaces. 

The same. Section through the margin of a tumour. 
The dark stippled part to the left represents the 
new growth. On the right are the surrounding 
muscle fibres in oblique section. This tissue is 
unaltered. Between these two layers is the con- 
nective tissue capsule of uae tumour. Magnified 
about 40 dia. 


PLATE V. 


Fibroma growing on the anterior margin of the orbit of a Cod. 
About half natural size. 
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mass im situ. 
Ic. 2. Section through the margin of the degeneration mass. 


1G. 3. Section through the central part of the mass. 
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Fics. 5 and 6. Benign tumours in a Halibut. 
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REPORT ON THE PLANKTON OF THE PERIODIC 
AND OTHER CRUISES OF THE “JAMES 
FLETCHER” DURING 1913. 


By W. Rippe.u, M.A. 


The present report deals with all the plankton 
collected in the course of the work of the “James 
Fletcher ” during the whole of the year 1913. It thus 
overlaps slightly the period dealt with in the Annual 
Report for last year, but I think it desirable to give, so 
far as possible, a picture of the course of events during 
one complete year, and the calendar year is the most 
convenient division. 

During the year, vertical hauls were made on each 
monthly hydrographic cruise at Stations 5, 6, and 7, and 
on the quarterly cruises at Station 14 also. (See Chart, 
p. 146). These hauls were taken with the Nansen net 
(diam. 35 cms., silk number 20), each haul being from a 
depth of 20 fathoms to the surface. As the weather 
during the quarterly cruise in February, 1918, did not 
permit of any plankton work being done, I have included 
the gathering from Station 14 in February, 1914, so as 
_ to give a picture of the plankton in this region during 
one year. 

During the year surface tow-nettings have also been 
taken as a matter of routine wherever the steamer was 
engaged in trawling. Captain Wignall and the crew of 
the “James Fletcher” have attended to this matter very 
diligently and carefully, and there are thus a large 
number of samples available. 

Further, a few special fish-egg cruises. were made 
during the spring, the eggs from which are being reported 
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on by Mr. Scott. The general plankton from these 
samples is also available. 

Thus the collection dealt with in this report 
comprises about 200 samples, of which 36 are from quan- 
titative Nansen net observations. Thirty-two of these 
latter represent observations at Stations 5, 6, and 7; 
owing to stress of weather there are no observations at 
these Stations in February, and none at Station 5 in 
March. ‘The other four samples are from Station 14, 
for which February, 1914, has been included to complete 
the series. The results of these quantitative observations 
are given in Tables I and II. 

The other 160 hauls cover practically the whole of 
the eastern half of the Irish Sea, from the south of 
Cardigan Bay to Luce Bay. The great majority of these 
are ordinary surface tow-nettings, but there are also two 
shear-net gatherings, and a few taken with a vertical net 
on the fish-egg cruises. 

There is only one area which is represented through- 
out the year in this series, the area around Red Wharf 
Bay, from Great Orme’s Head to Point Lynus. This 
series, consisting of 37 gatherings, is shown in Table III. 
Carnarvon Bay is represented by 16 samples, covering 
seven months, January, April-August, and October; 
these are shown in Table IV. The samples from Cardigan 
Bay amount to 12, covering the months of January and 
May-September. The area around Nelson Buoy, including 
the southern part of Blackpool Ground, is represented 
by 23 samples, covering the six months, May-October. 
These are shown in Table V. The other localities from 
which we have gatherings include Bahama Bank, More- 
cambe Bay Lightship, Selker Lightship, “The Hole” 
(25 miles W.N.W. from Piel Gas Buoy), and a few others, 
but for none of these have we more than a few gatherings, 
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10 or so at most for any locality, and they only cover a 
few months, while many of the samples taken on the fish- 
egg cruises, being taken with a specially coarse net, 
contain little general plankton. Hence I have rot thought 
it necessary to give tables of the gatherings from these 
localities. 

The course of events at Station 14 may be seen in 
Table I. The Diatoms show three maxima, one in May 
and another in October consisting mainly of Biddulphia 
and Chaetoceras, separated by a maximum of Guinardia 
and Rhizosolenia in J uly. The species of Chaetoceras in 
the two maxima differ; Ch. didymum and Ch. teres only 
occur in spring, while Ch. debile seems te have been more 
abundant in spring than in autumn. On the other hand, 
Ch. boreale, Ch. contortum, and Ch. schutti only occur in 
autumn, while Ch. decipiens was more abundant in 
autumn than in spring. (It is hardly necessary to say 
that such quarterly observations as these must be used 
cautiously, and too much reliance must not be placed upon 
their records in trying to interpret the changes in the 
plankton.) Hucampia only occurs in autumn, and in fair 
numbers; Litylaum is only absent in summer, but only 
- occurs in any quantity in autumn. | 

Ceratium is present throughout the year, though 
scarce in May. There is no very distinct maximum 
shown, though the rather higher numbers in October may 
be the end of the autumn maximum. The zooplankton is 
most marked in July; this is the only haul in which 
Calanus occurs in any quantity, while Temora is not 
represented in the other months. 

The results. of the observations at Stations 5, 6, and 7 
are shown in Table II. Here the course of events appears 
to have been rather different. There is a well-marked 
Chaetoceras maximum in June, most conspicuous at 
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‘Station 5, accompanied by a sudden maximum of 
Thalassiosira nordenskioldi and Nitzschia seriata. At 
Station 7 the most of this maximum is due to Lauderia, 
Eucampia, and Thalassiosira. At Station 5 the Ahizoso- 
lenia maximum seems to have occurred at the same time, 
but at 6 and 7, it occurred later, in July, and is 
accompanied by Guinardia. It may also be noted that 
Chaetoceras schuttti, which at Station 14 occurred only in 
October, is here found only in April and May. 

Biddulphia does not show any well-marked maxi- 
mum, but was most abundant from March until May, and 
again from October to December. 

There does not seem to be anything which could be 
called an autumn maximum; diatoms on the whole are 
scarce after July. 

It is interesting to note that Dityliuwm, which is 
typically an autumn form, is here commonest in May 
and June, though at Station 14 1t seems to have had more 
or less its normal distribution. 

There is no trace in any of my samples of the sudden 
enormous development of Asterronella, which occurred at 
Port Erin this year. 

Cerattum appears to have been commonest in June 
and July, but never in very great quantities. The two 
species, C. longipes and C. wtermedium, seem to be 
mutually exclusive, C. intermedium occurring mainly in 
summer and autumn, C. longipes at the beginning and 
end of the year. 

On the whole Station 5 seems to be the richest of the 
three, especially in zooplankton and Chaetoceras. The 
other diatoms, except Thalassiosira, are more abundant 
at 6 and 7, Hucamma and Lauderia especially being most 
abundant at 7, and also Guinardia. 

In the Red Wharf Bay area (Table III), the course of 
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events seems to have been different. ‘here is no trace of 
a spring maximum of diatoms, which are absent in May, 
June, and July. There is a distinct August maximum of 
Chaetoceras and Rhizosolenia, which has disappeared by 
October 10th. Later on Coscinodiscus is common, with 
its maximum apparently in November, while Lucampia 
is present in large quantities in October. 

Ceratuwm shows much the same course as at Stations 
0-7, especially as regard the two species C longipes and 
C. untermedium. 

There is a well-marked zooplankton maximum at the 
end of July and beginning of August. 

The Nelson Buoy area (Table V) shows much the 
same as Red Wharf Bay in regard to phytoplankton. 
Carnarvon Bay (Table LV) does not give much information 
in this respect, as diatoms, though more abundant in 
April and September, are never common, except one 
gathering of Chaetoceras boreale on September 17th. 

Taking the district as a whole, we may make the 
following remarks in regard to some of the chief groups 
throughout the year. 


DIATOMS. 


These were rare in January, being commonest at 
Stations 5-7, and are only represented generally by 
Biddulphia and Coscinodiscus, though Ditylium, Strep- 
totheca and Thalassiosira also occur at the Nansen net 
stations. In February, Diatoms only occurred near More- 
cambe Bay Lightship, where Biddulphia and Coscinodiscus 
were not uncommon, and, in small numbers, about 
12 miles S.E. of Bahama Bank. 

In March the species were more numerous, Bacillaria, 
Biddulphia, Chaetoceras, Coscinodiscus, Dityloum, Strep- 
totheca, Thalassiosira, &c., occurring at the Nansen net 
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stations, while Asterionella, Biddulphia, Coscinodiscus, 
Lauderia, Nitzschia, Rhizosolenia, and Thalassiosira were 
found near the Bahama Bank and at Morecambe Bay 
Ship, but in small numbers. 

In April the species are still more numerous, and the 
numbers larger. In addition to the forms noted in the 
tables, Biddulphia and Coscinodiscus were not uncommon 
near Bahama Bank. 

May, on the whole, shows a still further increase, 
though no diatoms were noted in Carnarvon Bay or Red 
Wharf Bay. Im addition to the results noted in the 
tables, Lauderxa was common in the south of Cardigan 
Bay on the 21st, while Hucampia and Streptotheca were 
not uncommon. Coscinodiscus was common in a haul on 
the 14th, 25 miles W.N.W. from Piel Gas Buoy. 
Diatoms were common at Station 14. 

June, as already noted, shows the maximum at 
Stations 5-7, while diatoms are absent from Red Wharf 
Bay and rare in Carnarvon Bay. fhizosolenia occurs 
at Nelson Buoy on the 12th, and was common 29 miles 
W.N.W. from Piel Buoy on the llth. Lauderia also was 
not uncommon at the latter place. 

In July, diatoms were commoner at Stations 6 and 7 
than at 5, especially Lauderia and Khizosolenma. The 
latter also occurred commonly at Nelson Buoy, and off 
St. Bees Head at the end of the month, at which time 
Khizosolema and Guinardia were common at Station 14. 
Chaetoceras occurred at Stations 6 and 7, and in a lesser 
degree at 5, and was also not uncommon at Nelson Buoy 
and at Hydrographic Station 1. 

Khizosolenia was probably not uncommon at Stations 
0-7 in August, but there are no observations between 
July 29th and September 9th. It was abundant in this 
month in Red Wharf Bay, as was also Chaetoceras, but 
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only occurred once at Nelson Buoy, and then not in great 
quantity. 

Chaetoceras boreale was common in Carnarvon Bay 
in September, while Guinardia and Rhizosolenia were 
not uncommon. The same forms, with Coscinodiscus 
and Hucampia were present at Nelson Buoy. 

October, at Station 14, shows a fresh maximum, while 
at the other Nansen net stations diatoms were not abund- 
ant. The most marked feature of this month was the 
abundance of Hucampia, which was absent from Carnarvon 
Bay, and scarce at Stations 5-7 (except Station 7 on 
October 30th), but at some time or other abundant at all the 
inshore stations from Red Wharf Bay northwards. This 
form persisted on in many places well into November, 
and was fairly abundant at Station 7 in December. 
HKucampa is a coastal form which may be taken 
(according to Ostenfeld) as having a flowering period 
extending from spring to autumn, with a minimum in 
August. In our waters it was absent in spring except at 
Stations 5-7, while at Port Erin it was present in fair 
numbers in May and June, practically absent in autumn. 
It appears as if the representatives at Stations 5-7 in 
June were derived from the Manx waters, while those 
present. at the end of the year came from our own 
coastal waters, each area having only one marked 
flowering period. Its complete absence from our 
Carnarvon Bay records is rather puzzling, unless we sup- 
pose that here, too, the flowering period was later than | 
September. On the other hand it occurred in fair 
quantity in the south of Cardigan Bay on May 2\1st. 


CERATIUM. 


This genus was present at Stations 9-7, throughout 
the year, being commonest in summer and autumn. In 
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Carnarvon Bay it is only represented twice, being com- 
mon in September; elsewhere it is commonest in autumn. 
In the Red Wharf Bay area, as at Stations 5-7, C. inter- 
medium is the summer and autumn form, and is replaced 
by C. longipes in winter and early spring. C. tripos 
occurred in small numbers in some of the Nansen net hauls 
in July and December, and was present in small numbers 
in Carnarvon Bay in January. It does not appear in any 
other gatherings. 


NoctTILuca. 


Ostenfeld* states that though no resting stage is 
known, this organism probably survives unfavourable 
conditions in an altered state, perhaps at the bottom of 
the sea. It seems impossible to account for its distribu- 
tion otherwise. 

This year it appeared first in our records in June, 
at places so far apart as the north of Cardigan Bay 
(June 4th) and Nelson Buoy (June 12th), being fairly 
abundant at both places. } 

By July it had spread over most of the district, being 
present on various dates, often in quantity, in Tremadoc 
Bay, Carnarvon Bay, Red Wharf Bay, Liverpool Bar, 
Nelson Buoy, and No. 1 Hydrographic Station. On the 
29th of this month it was present in enormous quanti- 
ties, colouring the sea for miles along the north coast of 
Wales, and round the Liverpool N.W. Lightship. On 
this day it occurred, for the only time during the year, 
in the Nansen net samples, at Stations 6 and 7. It never 
occurred at Station 5 or at Station 14. It was still 
common in many parts of the district in August, and 


* Cons. Perm. Internat.: Résumé des Observations sur le Plankton; 3me 
partie, 1913. 
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lingered on until November. The fact of its appearing 
at two stations so far apart as Cardigan Bay and Nelson 
Buoy within eight days, added to its absence from the 
Carnarvon Bay records at that time, and the fact that it 
only reached Stations 6 and 7 at the end of July, and 
never appeared at Station 5 or Station 14, seem to preclude 
any possibility of the presence of such enormous numbers 
being due to migration. 


SIPHONOPHORA. 


Muggiaea atlantica was again taken in Carnaryon 
Bay in small numbers towards the end of September. It 
was not found in other gatherings from here or from 
Cardigan Bay. Last year it appeared on September 12th, 
so that the time of its occurrence is the same in both 
years. 


PLEUROBRACHIA. 


A large shoal of this organism seems to have visited 
the Lancashire coast in June and July. It first occurred 
in my gatherings at Nelson Buoy on June 30th, when 
one of two gatherings contained nothing but Pleuro- 
brachia and a few decapod larvae; the other, which was 
a small gathering, contained more Pleurobrachia than any- 
thing else. Mr. Scott found it in abundance in Morecambe 
Bay in July, the maximum appearing about July 8th, 
while it was plentiful for some days before and about ten 
days after this date. This has the appearance of a 
migration from the southward, but the distribution of 
Pleurobrachia is at all times so anomalous, and it occurs 
under such widely varying conditions of temperature and 
salinity, that it is impossible to make any definite state- 
ment about its movements without a very extended series 


of observations. 
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COoPEPODA. 


Calanus finmarchicus seems to be present in our 
district throughout the year, but mainly as a mid- or deep- 
water form. It is never common at the surface, but is 
often absent and generally rare. The two hauls for 
June 4th in Carnarvon Bay are an example of this. 
Calanus was rare in the surface gathering, but was taken 
in large numbers in a shear-net at a depth of about eight 
fathoms at the same time. In the vertical hauls the 
largest number recorded is 120 at Station 14 on July 30th. 
In the other Nansen gatherings it seems to have been most 
abundant at Station 5, but even here the largest numbers 
are 100 on July Ist, and 90 on July 29th. 

Anomalocera was present in some part of the district — 
throughout the year, though never in large numbers. It 
appears in our records first on January 21st, in Cardigan 
Bay. In February and March it was observed only at one 
station, 25 miles W.N.W. from Piel Gas Buoy, on 
February 4th and March 18th. In April it was beginning 
to occur more widely, being found half-way between the 
Selker and Bahama Lightships, as well as at the above 
station. Irom May until September it occurred occa- 
sionally throughout the whole district, gradually 
disappearing afterwards until in December it was only 
observed in Red Wharf Bay. It was never taken in the 
vertical nets. 

Of the other Copepoda, Pseudocalanus is the most 
constant. /’emora occurs in abundance from spring until 
autumn, especially in the inshore waters. Centropages 
is also common inshore at certain times, especially in 
summer, but is practically confined to the shallow water, 
being only observed once at the Nansen net stations. 
Acartia 18 probably the most persistent form next to 


L 
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Pseudocalanus.  Isias was present in many gatherings, 
and occasionally abundant. Ovzthona appears to be rare 
in spring, appearing in summer and persisting through 
autumn and winter. 


HUPHAUSIACREA AND SCHIZOPODA. 


I have little to add to the records I gave last year, 
except that this year’s records enable me to extend the 
distribution of Myctiphanes couchii in our area. In 
addition to Carnarvon Bay and Red Wharf Bay, in which ~ 
it was noted last year, it has this year also occurred in 
Colwyn Bay, off Nelson Buoy, between the Selker and | 
Bahama Lightships, at Bahama Bank, and 25 miles 
W.N.W. from Piel Gas Buoy. Hence it appears to be 
generally distributed throughout our district. 


CLADOCERA. 


Evadne and Podon have both been rather rare during 
the year. The former only occurred once in the vertical 
nets, at Station 5, on May 6th, the latter also once, at 
Station 5, on September 9th. Of the two, Podon was the 
more widely distributed. It was first observed in May, 
and persisted until September, being present at various 
times in Cardigan Bay, Carnarvon Bay, Red Wharf Bay, 
Mersey Estuary, and Nelson Buoy. It was never noted 
further North. Evadne, apart from Station 5, was only 
present in July and August. It was noted in Cardigan 
Bay, Mersey Estuary, and off St. Bees Head, being thus : 
apparently more local than Podon. 
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Table I. Station 14. 


DIG” coca neces May 7th, | July 30th, | Oct. 30th, | Feb. 6th, 
1913. 1913. 1913. 1914. 
Calanus finmarchicus ............... 2 125 6 6 
Pseudocalanus elongatus......... 425 300 500 250 
Paraedlanus parvus ..:.........0.... 85 — — — 
; PU TEUEANCIATIOW 5 o2-2n 02s occeeceeseses 85 1600 100 
OUiie) Sin = 150 200 100 
MeMIpCAMONGICOMMIS .......-.060.00 = 600 = 
MMI eee ep ncn aicsesececeseees 1445 8600 700 = 
LAl2 Cee 340 = — — 
: IER AMOOUEAEVAC) 9.....22--0-0..-0000ee 1 80 = 1 
4 SRST ooo 2 50 5 6 
PMMA Ne seadcecocnccassacescepssees = = = ] 
Polychaet larvae ...... Beis crailaaicisl'6c == 150 — = 
Behimaderm pliitei :................. — 150 — — 
iamellibranch larvae ............... = == 100 = 
PasreOpod larvae ................s.00 = = — 100 
WTI een ccrccicialsoracrsececcesss = 25 = 
MEGAMIDN CAEL Uva racic s. sca cies sc sccveceos 450 — — 
PERMA AG incon nec poccccsccescocses 170 = 1100 300 
Acanthometron sp, ...........ses0e+: = — 100 
LULI DCM) Sa eee = = 100 — 
Peridinium depressum ............. 85 150 — — 
PP CtaIIITE TINA 5.2.2 2.0c00ccncesevecess = 150_. 200 100 
5 RIDE e totes «oan oc <csees. 85 300 700 200 
i. POMPE Soir oases nc'soriacve == 300 600 700 
Actinoptychus undulatus ......... 85 = — 100 
Asterionella japonica ............... 85 = ~ 100 = 
ORIENTED tole eo on 2 keene s-teeeesei 2000 a 2000 1300 
Chaetoceras boreale ..........:....... = == 600 — 
a BONPOLOUTD  .2..0s00000. — — 6500 — 
ee (bine ee 6600 — 2000 — 
u GEPIGICNS: .2..5..0000200 850 = 2400 500 
a PGW TAT .. 2... 0.00200 8000 — — — 
of BOITGUNE say gccceecce sss —— — 2000 — 
3 CADE: Saeed eee 13000 — — -— 
RENE assoc s arc cersscens 2100 — 3600 — 
Coscinodiscus concinnus ............ 500 — — — 
MAGIMUS «2 ene 500 — 300 600 
Mevonula Schroderi ..........:....+.- — — 850 — 
Ditylium brightwelli.................. 250 — 2300 200 
Kucampia zodiacus ...............08 aH — 36700 — 
SPMIMATOIA TACCICA,............0e0c00 85 6000 1500 100 
Summ@eria borealis .............se,se0e- 425 — — 200 
Rhizosolenia shrubsolei ............ — 3400 850 — 
a stolterfothii ......... -— 11600 _ — 
Streptotheca thamensis ............ 340 — 1700 1000 
Thalassiosira gravida ............... 425 — — 400 
Thalassiothrix nitzschioides ...... 700 — — _— 
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ON THE PLAICE MEASUREMENTS MADE IN THE 
KASTERN WATERS OF THE IRISH SEA 
DURING THE YEARS 1909-19138. 


By Jas. Jounstone, D.Sc. 
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(4) Introduction. 


The abstracts of the measurements made at sea and 
in the laboratory during the year 1913 are presented here 
in continuation of former reports, but an attempt has 
also been made to summarise all the data collected during 
the period 1909-1913. ‘This series of investigations was 
initiated in 1908, with the object of providing material for 
a discussion of the question of which particular trawl- 
mesh might be generally allowed in the Lancashire and 
Western Sea Fisheries District, and with the adoption ~ 
of a six-inch mesh for use inside the district the 
immediate object of the investigations was attained. In 
1910, however, the scheme of work previously followed 
was amplified, and was adopted in 1911, when assistance 
from the Development Fund was obtained by the Com- 
mittee. It was hoped that the amplified scheme would 


le Mea 
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provide data for an adequate study of the distribution 


_and life-history of the plaice in the waters of the eastern 


side of the Irish Sea and St. George’s Channel, and not 
merely for that of the distribution of the fish in 
Liverpool Bay. Unfortunately, the larger object is, so 
far, unattainable, and the measurements collected suffice 
only for the study of the plaice on the inshore fishing 
erounds between Blackpool and Red Wharf Bay. So 
far, the important fishing ground to the north-east of the 
Isle of Man, as well as those in Carnarvon and Cardigan 
Bays, are practically unstudied; while much-needed data 
in connection with the early lfe-history of the plaice is 
unavailable for lack of extensive plankton material. The 
exact range of the spawning period, and the positions of 
the areas frequented by spawning plaice in the Irish Sea, 
are still unknown, while our knowledge of the history of 
the pelagic and first demersal stages of the young fish 
is almost entirely a blank. We cannot, therefore, attempt 
a sketch of the life-history of the plaice in general, but it 
seems useful, nevertheless, that the somewhat. meagre 
results of the investigations of the last five years should 
be summarised and discussed critically, in order that 
whatever work may be projected in the immediate future 
may be directed to the greatest advantage. 

The results of the measurements of plaice made at 
sea and on board the police cutters, and those of the 
examination of plaice samples received at the Liverpool 
laboratory, are given in the series of Tables I to XV. The 
arrangement of these is that of former reports, so that it 
needs no further allusion. These results are, on the whole, 
less complete and satisfactory than those of 1912. They 
are not discussed here since those that are useful have 
been incorporated into the general summary of the five 
years’ investigation. Tables XVI to XXV, which follow 
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those relating to the work of 1913, give the results of this 
summary, and in the following sections whatever of 
interest appears to emerge from a broad consideration of 
the data available is discussed. 


(2) The Statistical Methods Employed. 


The actual measurements made at sea on board the 
steamer and the police cutters are, so far as my own 
observation goes, reliable and careful. The fish have 
been measured on a board, into which a metre scale was 
sunk flush with the surface. The head of the fish is 
placed lightly against a bar at the zero of the scale, and 
the centimetre division into which the extremity of the 
tail falls is recorded. For some time a measuring board 
was employed into which pins were stuck opposite the tail 
of the fish. By counting the number of pins in each 
centimetre division the length frequencies were read off. 
It was, however, found to be quicker for one man to 
measure the fishes, while another made ticks in a book 
ruled off in centimetre columns. In this way a catch of 
even 2,000 plaice was very quickly dealt with. The fish 
were always measured as soon as caught, so that no 
correction is required to compensate for post-mortem 
shrinkage. This correction was obtained by re-measuring 
samples in the laboratory that had already been measured 
on board ship 24 hours previously, but it was found to be 
so small that it has been thought unnecessary to apply it. 

Grouping of the measurements has been avoided in the 
working-up of the results. The arithmetical labour is 
lengthened, because of the absence of grouping, but the 
results are more accurate and have greater permanent — 
value on this account. In the tables given in each year’s 
report the results are collected for each month and fishing 
eround; and in the general summary which follows, the 


SEA-FISHERIES LABORATORY. iva 


data for the corresponding months of each of the years 
1909-1913 are grouped together so as to obtain a general 
picture of the distribution, unaffected by annual changes 
over the quinquennial period in question. 

In this way the fishing grounds in Luce Bay, the 
Lancashire inshore grounds from near Nelson Buoy to 
near Liverpool Bar Light Vessel, the fishing grounds off 
the Estuary of the Mersey, the small fish grounds 
(shrimping grounds) off the Mersey, and the inshore 
fishing grounds in and off Beaumaris, Conway, and Red 
Wharf Bays are dealt with here. It was hoped in 1911 
that it might also be possible to study the inshore grounds 
in Morecambe Bay, in Menai Straits, in Carnarvon Bay, 
and in Cardigan Bay, and the amplified scheme of investi- 
gations prepared then included such samplings in its pro- 
eramme. Some catches have indeed been made, but far 
too few to be of any real value. The winter spawning 
grounds about Bahama and King William Banks were 
also to have been investigated, but this has not been 
possible. The present summary deals, then, with the 
plaice fishery of “ Liverpool Bay ” alone. 

Tables XVI to XXII give the results of the measure- 
ments made at sea on these grounds. The Luce Bay 
samples were obtained during the years 1908 to 1912 
inclusive, when the vessel was employed in obtaining 
spawning plaice for the Piel Hatchery. The voyages for 
this purpose were made in the months September to 
December. The Table gives, therefore, the distribution 
of lengths applying only to a part of the year. The plaice 
fishery on the inshore grounds between Nelson Buoy and 
Liverpool Bar is essentially a summer one, so that the 
months May to October are those considered. ‘The fishery 
in Horse Channel, and, generally speaking, outside the 
Mersey Estuary is mainly a summer and autumn one. 
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The shrimp-fishery in the Mersey Channels proceeds 
throughout the whole year, and small plaice are nearly 
always taken here in considerable numbers. All the 
months of the year are represented, but the data for the 
summer and autumn months are not so numerous as they 
ought to be. This is a defect that ought to be made good, 
for these statistical results are of considerable interest: 
from them we ought to be able to trace the growth and 
migrations of both soles and plaice during the first two 
years of life. Similar data ought to be obtained from the 
Blackpool Closed Ground and the shrimping. grounds in 
Morecambe Bay. Great as is the interest and importance 
of these fisheries, they have hardly been investigated in a 
really adequate manner. Finally, the plaice fishery off 
Great Orme’s Head, in Conway, Beaumaris, and Red 
Wharf Bays is an autumn and winter one. It has a rather 
sharply-marked period, beginning sometimes in the 
autumn, and culminating in November to January, 
according to the season. I have already* referred to this 
fishery: it is one that ought to be very closely studied, for 
all the data for a complete study of fishery seasons and 
productivity in relation to hydrographic conditions ought 
to be obtained by the investigation of this area, and by 
a rigorously accurate collection of the statistics of fish 
landed from these grounds. So far as the data available 
go, they only suggest such relationships; but far more 
exhaustive material is required before the latter can be 
demonstrated in detail. 

In the Summary Tables XVI to XXI the actual 
length-frequencies are given: these have been obtained by 
adding together the numbers of plaice taken in each 
centimetre group for the corresponding months of the 
five years. In addition to this, the frequencies are also 


*Ann. Rept. Lancashire Sea Fish, Laby. for 1912, pp. 133, et seg. 
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expressed as percentages of the total catches: the distri- 
butions for the various months can thus be compared, 
and we are enabled to superpose curves plotted from the 
relative frequencies, and to express the statistical constants 
in the same units. The percentages of frequencies have 
been integrated: that is, beginning with the greatest 
length, the percentages have been added together, each to 


the sum of all those referring to higher lengths, as in the 


following Model Table. 


Mersey Estuary ; 13,343 Plaice caught in trawl-nets of 
4-inch mesh. January, 1909-1943. 


Mean Actual Percentage Integrated 
length. frequency. frequency. frequency, 
4:5 406 2-97 (£,) 99-90 
5:5 2,586 19-38 (f,) 96-93 
6-5 2,903 21-76 (f3) 77-55 
75 3,018 22-62 (&c.) 55-79 
8-5 2,054 15-39 33:17 
9-5 896 6-72 17-78 
10-5 435 3°26 11-06 
11:5 415 3-11 7-80 
12-5 214 1-60 4-69 
13-5 173 1-30 3:09 
14-5 96 0-72 Neri) 
15-5 75 0-56 1-07 
16-5 27 0-20 0-51 
17-5 25 0-19 0-31 
18-5 7 0-05 0-12 
19-5 6 0-04 0:07 
20-5 1 0-00 0-03 
21-5 2 0-01 (&c.) 0-03 (&c.) 
22-5 3 0-02 (£19) 0-02 (f.4 + £25 +fi) 
23-5 0 0:00 (£49) 0:00 (fo + fo 
24-5 1 0-00 (f2;) 0:00 (f21) 
Totals 13,343 99-90 


This has been done for all the distributions in the Sum- 
mary Tables, although the integrated frequencies are not 
given there. A graph has also been drawn for each distri- 
bution, both for the frequency series and the integral 
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series. These graphs are not published except one or 
two intended to illustrate the methods employed. 

I have made use of this method of representing the 
frequency distributions of the kind described in the 
Lancashire Annual Report for 1909, p. 49. It was 
suggested to me by my friend H. J. Buchanan- Wollaston, 
but it was first applied in general statistical work by 
A. L. Bowley (Elements of Statistics. p. 155, 1902), It 
is by far the best way of dealing with data of this kind, 


Point of 
Inflexson. 


Fig. 1. Integrated length-frequencies of plaice caught on the Nelson Buoy 
grounds during August 1909-13. The +’s indicate the actual 
points plotted: — - : ers 


for one sees from the graphs, at a glance, the dispersion 
of the frequencies and the points about which the latter © 
are concentrated. The accompanying diagram is the graph 
of the integrated length-frequencies of all the plaice 
caught in the six-inch trawl-net on the Nelson Buoy 
fishing grounds during the Augusts of 1909-1913. The 


SEA-FISHERIES LABORATORY. 175 


percentages of fish at and over each centimetre group are 
represented on the vertical axis and the mean lengths of 
each group on the horizontal axis. The curve is of the 
“ogive’’ form, so-called by Galton. We see at once 
that the frequencies are concentrated round a point 
nearer to the lower lengths than to the higher ones. 
The modal length, that is, the length which is the 
prevalent one, can be determined by inspection of the 
curve, for at this point the tangent crosses the curve, that 
is, the position of the mode is at a point of inflexion. The 


differential coefficient 1s maximal here, and that 


at 
| da” 
is, the differential coefficient of the frequency curve from 
which the integral curve is constructed, is at a minimum 
at the corresponding point, that is, the tangent is parallel — 
to the wz-axis, and the point is therefore at a cusp. 
This is the only convenient way of determining the position 
of the mode in such distributions as these, for by altering 
the grouping of the data we alter the apparent mode, 
while the work of determining the position of the mode by 
interpolation, or by the calculation of a theoretical prob- 
ability curve is very laborious. On the other hand, if 
the integral curve described here is carefully drawn by 
means of some mechanical aid, the position of the point 
of inflexion can be very approximately found. A celluloid 
set-square on which a fine straight line is scratched is laid 
over the curve, so that the line crosses from one side of 
the latter to the other. The straight line then appears to 
coincide with a small segment of the curve and the two 
points at which the line is apparently co-incident with the 
curve are marked. The point of inflexion is then midway 
between these points, and beneath this on the a-axis is 
the value of the mode. 

If the frequency distribution itself is irregular, this 
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method of integration enables us to “‘ smooth” the data, for 
a curve can be more easily drawn among the points repre- 
senting the integrated frequencies than among the points 
representing the actual frequencies themselves. The curve 
can then be pricked with the point of a needle where each 
ordinate crosses it and the corresponding point on the 
vertical axis read off. These latter points are percentages 
at and over each unit of length, and by subtracting each 
from the one immediately above it the original frequency 


ce 


series 1s reproduced in a “smoothed” form. Smoothing 
the original frequencies by taking the means of groups - 
of three—the ordinary. method—is faulty, since it 
assumes that the mean ordinate is equidistant from the 
- two ordinates, and this is not the case when the curvature 
changes rapidly: obviously Simpson’s Rule ought to be 
applied to find the position of the mean ordinate in the 
appheation of this method. But in the integration of 
the frequencies the irregularities become smoothed out 
since plus and minus deviations are algebraically summed. 

The integral curves are used to find measures of the 
dispersions by graphic interpolation. The position of 
the point of inflexion is first marked on the curve, and 
vertical and horizontal lines are drawn to cut the corres- 
ponding axes: the value of the mode is the number on 
the horizontal axis cut by the vertical line. We may set 
up as a measure of the dispersion the lengths on either side 
of the mode between which and the mode 25 % of all the 
fish in the sample lie; that is, we find the lower limit of 
length by adding 25 to the percentage opposite to the 
mode, and we find the upper limit of length by subtracting ~ 
25 from the modal percentage. Horizontal lines are then 
drawn from these numbers on the vertical axis so as to 
cut the curve, and then vertical lines are drawn from the © 
points on the curve thus obtained so as to cut the horizontal 
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axis. We thus find the lengths on either side of the 
mode within which 50 % of all the fish are placed. Thus 
the following graph is that drawn from the same frequency 
distribution graphed as an integral curve in Fig. 1. 
The mode is at length 20°2 cms. ‘Two vertical lines, 
one drawn through length 17°8 cms., and the other through 
length 22°3 cms., so divide up the whole area between the 
curve and the horizontal axis that the area between these 
lines is equal to the sum of the two areas outside these 
lines. We see now, from this particular example, that 
50 % of all the fish caught were larger than 17°8, and 
smaller than 22°3 cms.; 10 % were less than 17°8 cms. in 
length, and 40 % were greater. If desirable, we can 
extend the same method so as to find what percentage of 
the catch were contained within any two other limits of 
length. This is, of course, not the same thing as finding 


d 


the “interquartile range,” a measure of dispersion often 
adopted in the treatment of fishery statistics of this kind. 
The “interquartile range’’ appears to mean various things. 
The median value may be taken, that is, that value of the 
length on either side of which one-half of all the 
frequencies lie; then the quartiles are found, that is, those 
values of the length on each side of the median, between 
which and the median 25 % of all the frequencies lie, and 
between which and the extreme values of the length there 
are also 25 % of all the frequencies. Thus the z-axis is 
thus divided : — 

a a 25% | 25% | 25% sid 
lower lower median upper upper 
extreme, quartile. quartile, extreme, 
Obviously the range of lengths (a-axis) is not simply 
divided into four equal parts: the median and quartiles 
must be found by interpolation, either from the frequencies 
or from a curve. 
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Percentage length-frequencies of the plaice caught on the Nelson Buoy grounds in August 1909-13. 
The +’s are the actual points plotted. . 


Fie. 2. 
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Or the mean may be calculated, and then the 
standard deviation, from the relations, mean = arbitrary 
origin plus or minus the first moment of the distribution 
according to its sign; and standard deviation = square 
root of the second moment of the distribution.* From the 
standard deviation the “ probable error” of the distribu- 
tion may now be calculated from the relation, probable 
error = 0'6745,/mu,. The values of the probable error are 
now two values, one on either side of the mean, such that 
there are as many observations within ordinates drawn 
from the z-values, as there are observations outside these 
ordinates. If we are dealing with a distribution which 
includes few observations, or which is a very irregular 
one, this latter method is the only convenient one of 
obtaining measures of dispersion or error, and the mean 
is the only position-value which can be employed. 

The standard deviation may be regarded from two 
points of view—either it is simply the square root of the 
second moment of any frequency distribution; or it is a 
parameter, and can strictly be utilised only with respect 
to the normal curve of error. From this latter point of 
view it is the pair of values of « which give us the points 
of inflexion on the curve. It 1s the pair of values at which 
the second differential coefficient becomes zero, and in the 


neighbourhood of which ce changes sign, and for the 


normal curve of error these two values are given by 


J Ho 


But obviously we cannot regard any distribution as 


that represented by the normal curve of error unless we 
know that the causes which lead to the deviations expressed 
by the distribution are also those which are considered in 


* The notation and methods adopted are those of W. Palin Elderton 
“ Frequency curves and correlation,”’ 
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the theory of the normal curve. The latter hasa precise theo- 
retical significance; that is, the deviations from the mean 
value are those very numerous, small, uncoordinated ones, 
as likely to cause positive as negative deviations, and the 
total effect of which is as likely to act in one direction as 
the other. This is not the case with the distributions which 
we have to consider in fishery statistics. The material 
sampled is not homogeneous, for we may have to deal with 
“races,’’ or groups of fish which have different growth- 
rates, for instance; the samples taken do not accurately 
represent the natural population, and would not, however 
numerous they were, for the apparatus of collection—the 
trawl-net—selects from the population; and even-if the 
sample taken were a truly representative one, it would not. 
give us a symmetrical frequency distribution. The fact is 
that in dealing with length-frequency fishery statistics, we 
are not dealing with distributions expressible by the 
normal curve of error, nor even by any of the Pearson 
probability curves. | 

Such being the case, it seems that such conceptions as 
standard deviations, means, medians, and quartiles are quite 
artificial ones, and their use does not enable us to analyse 
the material studied with success. What we have really 
to consider is the real, ‘ natural”’ form of the distribu- 
tions: it is the mode and the deviations from the mode 
that we have to express by some figures, and not the mean 
or median and the deviations from these positions. The 
distribution graphed in Figs. 1 and 2, (Nelson Buoy, 
August, 1909-1913), is only a moderately asymmetrical 
one, other distributions may be much less symmetrical. 
I have shown the positions of mean, median and empirical 
mode in this diagram, and it will be seen that if we calcu- 
late the quartiles from the median, or the standard 
deviation, and the probable error from the mean, we obtain 
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artificial and misleading measures of dispersion. The 
eroup of fish cut out from the whole distribution lies 
almost entirely on the positive side of the mode (which is 
evidently the natural origin). They are not the plaice 
most characteristic of the population inhabiting this 
ground that we thus segregate, but plaice which are on 
the whole larger than the truly characteristic ones. If, 
on the other hand, we take 50 % of all the fish which are 
larger and smaller than the modal length, but as little 
larger or as little smaller as possible we get a natural 
measure of the dispersion, and a true notion of the kind of 
fish that are characteristic of this fishing ground. Taking 
either quartiles from the median, or the probable error 
(as deduced from the standard deviation), we find that 
the characteristic plaice population is one the length of 
which is greater than about 19 cms., and less than 24 cms. 
—obviously an inaccurate picture of the fish population. 
But taking the grouping about the mode we find that the 
really characteristic plaice which inhabit this ground are 
those which are greater in length than about 174 cms. 
and less than 22 cms. Obviously the effect of regulations 
(size-limits and the lke) would be different as we 
consider one or other of these measures of dispersion. 

This discussion seems rather an academic one, but it 
is desirable that we should express the results of the 
measurements made in the most natural manner. These 
results are, it is claimed, of considerable ‘ practical” 
importance, for they are based on a large number of 
measurements, and they represent fairly well the condition 
of the Lancashire plaice grounds during the quinquennial 
period 1909-1913. How valuable they may be for future 
comparison may be appreciated when we consider how 
valuable a similar series of measurements made 29 years 
ago, when the Committee first began its work of regulation, 
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would now be. The question of error now arises, or 
rather, it will arise when an attempt is made to compare 
these results with similar ones made at some future time. 
Just how to estimate the statistical errors of the modal 
lengths and of the measures of dispersion adopted does not 
seem clear. Probably theoretical frequency distributions 
will have to be calculated from the rough data, and from 
these the errors of the modes, and the other values chosen 
may have to be determined. At any rate, the data 
obtained have been published in eatenso for this reason. 


(3) Distribution and Migration of Plaice on the Fishing 
Grounds. 


(a) Nelson Buoy to Liverpool Bar. 


We may summarise the data relative to the sizes of 
plaice on this fishing ground as follows : — | 


May: 3 % are below 15°2 cms. (6 in.); 46 % are 
over 19'1 cms. (74 in.); 50 % are between 
15°2 and 191 cms. 

June: 9 % are below 17°3 cms. (62 in.); 41 % are 
over 20°6 cms. (8 in.); 50 % are between 
17°3 and 20°6 cms. 

July: 12 % are below 18°4 cms. (74 in.); 38 9%, are 
over 21°4 cms. (83 in.); 50 % are between 
18°4 and 21°4 cms. 

August: 12 % are below 17°6 cms. (7 in.); 22 % 
are over 22 cms. (82 in.); 50 % are between 
17°6 and 22 cms. 

September: 15 % are below 18 cms. (7 in.); 35 % 
are over 22 cms. (82 in.); 50 % are between 
18 and 22 cms. | ‘ 

October: 22 % are below 18°8 cms. (74 in.); 28 % 
are over 25 cms. (92 in.); 50 % are between 


18°8 and 25 cms. 
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This, it will be seen, is a “small-fish” ground. 
About 50 % of all the plaice caught in a trawl-net of 
6-inch mesh are between about 17°5 and 21°5 cms. in 
length. 

The population on this ground is not a stationary 
one, a conclusion which may be deduced from the length 
statistics no less clearly than from the marking experi- 
ments. The modal length shows a general rise throughout 
the period investigated, but this increase is not a regular 


Length-Frequencies of Age-Group II 3 ? at Nelson Buoy, 


1909-1913. 

May. June July August 

14-5 2 1 
15-5 6 4 4 1 
16-5 Ui. 11 14 4 
17:5 23 37 29 15 
18-5 13 57 73 ai 
19-5 19 87 95 47 
20-5 10 74 53 42 
21-5 14 69 43 37 
22-5 1 28 31 19 
23-5 6 16 21 16 
24:5 4 11 7 6 
25:5 5 5 10 5 
26-5 4 2 4 2 
27:5 — a 1 2 
28-5 = 3 1 — 
29-5 — 1 — — 
30-5 -= I — — 
31:5 os 1 — — 
MGA) coca s0v0. 19-79 20:43 20-2 20:97 

Error of 

Mean v.00... - 0-16 + 0:19 + 0-07 + 0-09 


one. If we consider only the plaice of Age-Group II, 
instead of all the fish caught, so as to obtain a homogeneous 
frequency distribution, we still find that these fish do not 
grow regularly, that is, although the mean length of the 
plaice sampled rises from 19-79 in May to 20-97 in 
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August, there is an apparent negative increment in July, 
a condition which cannot, of course, be natural. The 
means and the statistical errors of the means are given 
at the bottom of the table, and it will be seen that these 
means must be regarded as free from any error of signi- 
ficance. Now, compare this Table of the length- 


Length-Frequencies of Age-Group II 3 ? in Barrow Channel 
and Fleetwood Channel in 1909-1913. 


May. June July September, 
15-5 8 1 1 1 
16-5 13 8 5 4 
17-5 25 21 14 5 
18-5 23 36 17 15 
19-5 12 27 20 25 
20-5 12 31 12 29 
21-5 17 20 22 29 
22-5 4 6 22 27 
23-5 10 5 13 31 
24-5 6 4 6 20 
25-5 1 1 4 10 
26:5 — 1 — a 
27:5 — — 2 4 
28-5 — —_ — 1 
29°5 — — — 2 
IMGATI ie sont enw 18-42 19-73 20-90 21-98 
Error of 
Mean ...... + 0-145 + 0-10 + 0-131 + 0-121 
Mean error of means = + 0-124 


Mean probable error of the 
difference between any two 
means = + 0175 


frequencies of Age-Group II with a similar one for Barrow 
and Fleetwood Channels. Here we find a very regular 
increase in the mean length from 18-42 in May to 
21-98 cms. in September. There are no data for August, 
but on making a graph for the series of means we can have 
no doubt as to the value for that month. 


a s a a = 
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Fig. 3. Mean lengths of plaice of age-group II © ¢ taken in Barrow 
and Fleetwood Channels in 1909-13. 
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As in the former Table the statistical errors of the 
means, and the mean error of the differences between any 
two means, are calculated in order to show that the means 
are reliable to a very considerable degree. All the 
evidence we have seems to show that these fishing grounds 
harbour a non-migratory population, which is recruited 
from the “nurseries”? in Morecambe Bay. When food is 
abundant, the plaice concentrate on certain restricted parts 
of these fishing grounds, and when food is relatively scarce 
the fish are more sparsely, but more regularly distributed, 
but this appears to be the extent of their movements 
during the first three years of life. The connection 
between the abundance of the food and the abundance of 
plaice is very strikingly shown by a Table prepared by 
A. Scott,* which shows that plaice are relatively abundant 
when mussels are scarce and vice versa: — 


1906 plaice landed at Piel, 311 cwts; mussels landed, 256 cwts. 


1907 9 99 709 99 99 64 99 
1908 99 9° 2,443 99 99 85 99 
1909 bP 99 2,532 9? 99 0 9? 
1910 0» %9 1,184 _,, % 0, 
1911 9 9 1,010 9? >? 0 ” 
1912 29 9 778 99 99 4,313 2? 


* Quarterly Report on the Scientific Work of the Lancashire and Western Sea 
Fisheries Committee, October, 1913. 
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When large mussels are abundant plaice are scarce 
because of the relative scarcity of mussel fry. On the 
other hand, when large mussels are scarce or absent, the 
scars are usually stocked with very small shell-fish on 
which the plaice concentrate to feed. Apart from such 
local concentrations, the plaice population of Morecambe 
Bay inshore grounds is a stationary one, and such statistics 
as we possess show that the fish do not migrate out from the 
Bay until they are over three years of age. Conversely, 
there is little influx of fish from other grounds into the 
Bay, with the exception of some slight immigration from 
the South during the winter months. 

The rate of growth shown by the Barrow Channel 
plaice is therefore a normal one, and is undisturbed by the 
immigration of fish from other grounds. When we com- 
pare the rate of growth of the Nelson Buoy plaice with 
that of the Morecambe fish, the only reasonable explana- 
tion of the anomalous growth-rate on the former grounds 
seems to be that we are dealing with a population which 
is being recruited from the nurseries along the Lancashire 
coast line from Blackpool South to the Mersey Estuary. 
Fish of one and two years of age migrate out during the 
months of April to August to the ground round Nelson 
Buoy, and from there towards Liverpool Bar. The condi- 
tions on the deeper grounds are presumably more favour- 
able than they are on the nurseries—first of all, the 
population on the latter grounds is a much denser one; 
then food is probably less abundant, absolutely and 
relatively ; and finally (as I have suggested in last year’s 
report), the rising temperature on the nursery grounds 
affects the fish in some way, so that they move offshore into 
colder water where the natural physical conditions more 
nearly approach those which are optimal for fish of this 
range of ages. We may suppose that the growth-rate is 


——————<— ll 
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less on the nursery-grounds than it is on the grounds 
further offshore, so that successive shoals of fish arriving 
on the latter grounds will tend to lower the growth-rate 
which would be characteristic of the offshore region. If 
this outward migration were irregular, so that a much 
larger number of slowly-growing fish arrived on the 
erounds during July, we should have the apparent nega- 
tive increment in the growth-rate that the Table shows. 
Altogether all the data available seem to show that the 
Nelson Buoy plaice fishery during the summer and autumn 
is one for fish that have grown up to the first, second, 
and third years of life on the inshore nursery-grounds, 
and which migrate out to sea during the months of May 
to July, so as to form the extensive shoals that are fished 
on the grounds in question. 

This fishery practically comes to an end in September 
or October. We have practically no reliable statistics of 
the quantities of plaice landed monthly from these 
erounds—the fishery is one carried on to a very large 
extent by second-class sailing vessels, so that it is, so far, 
an almost impossible task to attempt to trace the yield of 
the grounds. The experimental hauls made by the 
“James Fletcher” indicate, however, that plaice are not 
at all abundant on the Nelson Buoy grounds earlier in the 
year than May, nor are they abundant after October. 
During the months of October and November the fish 
begin to desert these grounds, and the migration paths 
followed depend, to some extent, on the age of the fish. 
The smaller fish appear to move back inshore, where they 
apparently become ‘lost’—they probably hibernate, 
burrowing in the sand at the bottoms of the deeper 
channels in the Bays and Hstuaries. From the Neison 
Buoy grounds the larger plaice appear to migrate into 
the Ribble Estuary, into Morecambe Bay to the North, and 


N 
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into the Estuaries of the Mersey and Dee to the South. 
The migration path most commonly followed is, however, 
that leading towards Red Wharf Bay to the West, and 
most of the large and medium-sized plaice which inhabit 
the Nelson Buoy grounds, and survive the summer and 
autumn fisheries there doubtless form part of the shoals 
which appear off the coasts of Anglesey and Carnarvon 
during the last months of the year. The plaice-marking 
experiments show this very clearly—even the meagre 
records of single experiments, such as those of last year, 
summarised in the present Report—show it, and the 
evidence becomes convincing when we deal with groups 
of experiments carried out under similar conditions. 
This, then, is the fate of the majority of the survivors of 
the summer and autumn Nelson Buoy plaice fishery—they 
migrate to the westward to risk the winter fishery there. 
But in most of the experiments a few plaice have been 
recaught about the end and the beginning of the year on 
the banks near the north-east of the Isle of Man. These 
are generally the larger plaice, and this migration is a 
spawning one. 

Both the migration from Nelson Buoy towards Red 
Wharf Bay, and that towards Bahama Bank are, like the 
offshore migration from the nurseries to the Nelson Buoy 
grounds, compensatory movements the effect of which is 
to cause the fish to inhabit water of as nearly as possible 
the same physical conditions. The migration outwards 
from the nurseries is one from warmer water, rising in 
temperature, into colder water; and those from Nelson 
Buoy towards Bahama Bank and towards Red Wharf Bay 
are migrations from colder water, falling in temperature 
into warmer water. It is by reference to such compen- 
satory migrations, the effect of which is to preserve as 
nearty as possible the optimal conditions, that we must 
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seek to explain the connection between the movements of 
fishes and changes in the hydrographical conditions. 


(6) Mersey Shrimping Grounds. 


These grounds, the channels and “ gutters” through 
the banks lying outside the Estuary proper, and the 
shallow water margins of the banks themselves, constitute 
a nursery for plaice and other small fishes, and it is from 
this point of view that they derive their interest. But 
we find in much the same region very extensive ‘“ small- 
fish’ grounds; the larger channels, Rock Channel, Horse 
Channel, &c., and the shallow water off the banks, harbour 
plaice of sizes varying, for the most part, between 18 cms. 
and 30 cms. There are frequent migrations of plaice from 
one part of the Mersey grounds to other parts, and catches 
made with the small-meshed net used in the shrimp 
trawls frequently sample shoals of fish of the larger sizes. 
On this account the interpretation of the statistical data 
is sometimes very difficult. 

The catches made by means of the shrimp-traw]l nets 
are summarised in Tables XIX-XX. They are, as a rule, 
large, and with some exceptions they provide us with a 
fair picture of the distribution of the smaller plaice in 
the Mersey Area. The exceptional months are May, June, 
and August, and the figures seem to show that the nets 
were fishing among shoals of plaice of the larger sizes. 
The numbers caught during these months are also rather 
small, and we may, therefore, regard the results as 
anomalous and likely to be modified to a large extent by 
further experiments. 

The modal lengths of the plaice caught are given 
in Table XXIV. The results for the winter months, 
November to March, inclusive, are all very similar; at 
this time of year the great majority of plaice caught in 
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the shrimp trawls vary in modal length between 7 and 
85 cms. The dispersion is very small. 

After March, the composition of the catches becomes 
more complex, and we are able, to some extent, to see in 
the figures the influence of the three age-groups of which 
the plaice population on a “nursery-ground”’ is made up. 
In April, the frequency curve becomes bi-modal, and 
there are cusps at about 7 and 14 cms., that is, age groups 
O and I are represented in the catch in nearly equal pro- 
portions. The May and June figures are unreliable, but 
in July the first three age-groups are clearly represented 
since there are very distinct modes at 5°3, 11°6, and 
19°'4 cms. The 5°3 cms. cusp obviously represents age- 
group O, that is, the plaice born in the same year, and 
which have attained this length during the interval March- 
July. The 11°6 cusp represents age-group I, that is, the 
plaice born the previous year, and which have completed 
about one and a half seasons of growth, while the 19°4 cms. 
cusp is that formed by age-group II, fish of 24 years of 
age. In September and October, age-groups O and I are 
represented by the modes at 77 and 73 cms., and those at 
15°6 and 13 cms.  Plaice have now completed their 
- season’s growth, and Group O shows the modal length of 
about 7 cms. Group I has, doubtless, a modal length of 
about 13 to 14 cms., but the precise position of the cusp 
representing this yearly group in a complex curve is 
certainly affected by the fishing action of the net, and we 
cannot be sure that the sample is a representative one so 
far as fish of this age are concerned. 

Plaice of less than 3 cms. in length are hardly ever 
caught in the shrimp-trawl net, and, indeed, their habitat 
does not seem to be that of the fish of lengths near to 
7 cms. They are, however, present in great numbers in 
the -very shallowest water near the shore, and they may 
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be caught easily in the sand-pools left by the receding tide. 
These little plaice, at the end of May or the beginning of 
June are about 1-2 cms. in length on the sandy beaches in 
the Mersey Estuary. They, and other Pleuronectid fishes 
of about the same age, feed greedily here on copepods— 
mainly Temora, so that occasionally 50 to 100 of these 
micro-crustacea may be found in the stomach of a single 
fish, and at this age it is often the case that the larvae of 
an Appendiculate Trematode may also be found among 
the copepods. When they are a little larger copepods are 
not so commonly found in their stomachs, but Polychaet 
larvae become very common, and occasionally larval 
shrimps may also be found. Sometimes (on other parts of 
the Lancashire coast) larval Gastropods (probably the 
larvae of Lettorina), and very small shell cockles (not 
larvae) may be found, and, indeed, the fish appear to take 
whatever organisms are most abundant, and easily 
captured. Copepods, however, seem to be the main food 
of the smallest demersal stages of plaice, and other 
Pleuronectids, in most parts of the Lancashire District. 


| (c) The Horse Channel Grounds. 


These include the offshore part of the Mersey Estuary 
extending from about the Liverpool Bar Light Vessel, 
along the outer edge of the Banks into Horse Channel 
proper, and then over towards the entrance to the Estuary 
of the Dee. The catches made on these grounds have all 
been summarised in Table XVIII, but those catches made 
in Rock Channel and in Crosby, Formby, or Queen’s 
Channels are not so included. These latter grounds 
harbour smaller plaice than are found more offshore. 

The fish caught here resemble, in their range of 
lengths, those caught on the Nelson Buoy grounds. 
Their lengths may be summarised as follows :— 
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April.—Under 181 cms. (7 in.) 10 %; over 20°9 cms. 
(73 in.) 40 %; between 18:1 and 20°9 cms. 50 %. 
May.—Under 18°4 cms. (74 in.) 175 %; over 21°4 cms. 

(85 in.) 82°5 %; between 18°4 and 21°4 cms. 90 %. 
June.—Under 17°3 cms. (62 in.) 15 %; over 20°2 cms. 
(8 in.) 35 %; between 17°3 and 20°2 cms. 50 %. 
July.—Under 186 cms. (74 in.) 18 %; over 215 cms. 

(84 in.) 82°56 %; between 18°6 and 21°5 cms. 50 %. 
August.—Under 19°3 cms. (74 in.) 15 %; over 23°6 cms. 
(91 in.) 35 % between 19°3 and 23°6 cms. 50 %. 
‘September.—Under 19°3 cms. (74 in.) 15 %; over 23°8 
cms. (94 in.) 385 %; between 19°3 and 23°8 cms. 
50 %. 
October.—Under 18°7 cms. (74 in.) 10 %; over 23°3 cms. 
(91 in.) 40 %; between 18°7 and 23°38 cms. 50 %. 


The length distribution on these grounds resembles, 
in general, that on the Nelson Buoy grounds further 
North. The fish are, on the whole, a little larger: the 
mode varies between 19°6 and 21 cms., the average being 
about 20 cms., and the range over which 50 % of all the 
fish, distributed equally on either side of the mode, are 
caught is a lttle nearer to the larger end of the distribu- 
tion than in the case of the Nelson Buoy grounds. 
Otherwise we have to deal with a typical small-plaice 
ground. It is also a ground which is not recruited from 
other grounds harbouring a plaice population of the same 
class, but one which receives its fish from the nurseries in 
its immediate vicinity, that is, from the shallow water 
erounds in the Estuaries of the Mersey and Dee. It 
is not a stationary plaice population that we find here, but 
one which arrives in successive shoals from other more 
inshore regions where the rate of growth of the fish is less. 
‘This is shown by the following Table : — 
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— Frequencies of Age-Group II ¢ ? in the Mersey 
Estuary, 1909-1913. 


May. June July August September 
14-5 = 3 = = — 
15-5 + 20 5 — — 
16-5 2 28 13 == — 
17-5 8 35 16 4 — 
18-5 6 49 23 5 1 
19-5 32 46 44 12 — 
20-5 43 23 39 11 1 
21-5 24 17 33 13 3 
22-5 13 4 38 14 3 
23°5 10 3 14 14 3 
24-5 3 = 14 a 3 
25:5 2 = 6 1 2 
26-5 = = a sr 1 
27-5 a = 2 = 2 
28-5 = = 2 == = 
Mean ... 20-46 - 18-54 19-29 21-51 23-56 
Error of 
Mean +0-105 +0-08 +0-105 +0-148 +0-355 


From this we find that the growth rate is apparently 
“very irregular, dropping from May to June, and then 
rising. This means, of course, that the normal growth 
rate of an already existing population in May is partially 
swamped by a great influx of fish in June, and that these 
fish are smaller than those already present since they have 
been living under less favourable conditions. 


(d) The Plaice Fishery in Beaumaris and Red Wharf Bays. 


This is a fishery of rather a different kind from that 
near Nelson Buoy and off the Estuary of the Mersey. The 
latter are grounds which depend for their stock of fish on 
the stock present in the nurseries inshore from them, that 
is, in the Dee, Mersey, Ribble, and in Morecambe Bay. 
This is also the case, but to a much less extent, with the 
plaice fishery offshore from Great Orme’s Head and 
Point Lynus, for while there are, doubtless, nursery 
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erounds in Menai Straits and in the shallow water 
immediately offshore from this area, these only contribute 
a part of the plaice population forming the material for 
the fishery offshore from them. A study of the statistical 
data of this Report, as well as that of the marking experi- 
ments, will show that this stock of fish 1s derived to a 
considerable extent from that present on the grounds to 
the North-Hast during the few months prior to the date 
of the fishery. 

Thus the fishery 1s mainly an autumn and winter one. 
Plaice are (commercially) absent from these grounds 
during the months of March, April, May, and June. A 
certain amount of fish are taken during July, August, 
and September, but this is small, and it would probably be 
found from a careful study of the Board of Agriculture 
and Fisheries ‘“‘D,” form that the plaice in these months 
were caught in and about “Channel Course,” that is, 
anywhere between Point Lynus and Liverpool North- 
West Light Vessel. About October the fishery begins to 
be a commercially productive one, and from this month 
until January, the plaice are mainly caught between 
Colwyn Bay and Red Wharf Bay. There are well-marked 
differences from year to year in the mean positions of 
the grounds from which the bulk of the fish are taken, and 
even a study of the results of the fish-marking experiments 
in this and former Reports will show that sometimes the 
main fishery lies offshore from Great Orme’s Head, while 
in other years it is concentrated in Red Wharf Bay, or is 
scattered over the deeper grounds offshore from this Bay 
down towards the 20-fathom contour line. 

About the end of the year the fishery ceases. The 
precise date of its commercial cessation varies from year 
to year, sometimes, as in 1912, it began to fall off in 
November, in other years, as in 1909, it only began to 
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fall off in February. This relatively sharp drop in the 
fishing may be partly artificial, The vessels which 
exploit these grounds are mostly smacks, and their crews 
appear to lke to stop fishing during the Christmas week. 
A spell of very bad weather, N.W. to N. winds, will also 
put a stop to trawling here. But allowing for these 
“ accidental’’ conditions, it seems to be the case that the 
plaice actually desert the grounds off Carnarvon and 
Anglesey some time between November and February. 
The fishery ceases rather sharply, as will be seen from the 
figures published by me in last year’s Annual Report, 
pp. 186 e¢ seg. It is not at all like the gradual decline in 
average catch that we might expect to get when a 
naturally-occurring fish population is being “ fished-out.’ 
In a week or two, as in 1910, the average catch per day’s 
fishing may drop from about 7 cwts. to less than l ewt. It 
seems to be certainly the case that some time about the 
end of the year the plaice migrate away from the 
Beaumaris-Red Wharf Bay area. It cannot be too often 
pointed out that here we have the best possible oppor- 
tunity for a successful study of the relation between the 
productivity of a fishery and the physical conditions in the 
surrounding sea-area. I have tried to indicate what this 
possible relation is in a former Report,* but, unfor- 
tunately, the data available are insufficient for the 
demonstration of close relationships. 

The length-measurements for this fishing ground 
may be summarised as follows : — 


June.—Under 17°2 cms. (62 in.) 5 %; over 21°6 cms. 
(85 in.) 45 %; between 17°2 cms. and 21°6 cms. 
00 %. 


* «Hydrographic Investigations and the Fisheries of the Irish Sea. 
Ann. Rept. Lancashire Laboratory for 1912, pp. 99 to 150, 1913. 
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July—Under 18°8 cms. (74 in.) 15 %; over 22°6 cms. 
(9 in.) 835 %; between 18°8 and 22°6 cms. 50 %. 


August.— Under 18°4 cms. (74 in.) 10 %; over 22 cms. 
(82 in.) 40 %; between 18°4 and 22 cms. 50 %. 
September.—Under 19 cms. (74 in.) 23 %; over 
26°3 cms. (10} in.) 27 %; between 19 and 26°3 cms. 
50 %. 3 

October.—Under 183 cms. (71 in.) 3835 %; over 
20°8 cms. (104 in.) 165 %; between 183 and 
20°8 ems. 50 %. 

November.—Under 19°77 cms. (72 in.) 10 %; over 
28'4 cms. (114 in.) 27 %; between 19°7 and 28°4 cms. 
50 %. 

December.—Under 19 cms. (74 in.) 10 %; over 25°4 cms. 
(10 in.) 40 %; between 19 and 25°4 cms. 50 %. 


January.—Under 20°77 cms. (8 in.) 24 %; over 29°8 
cms. (112 in.) 26 %; between 20°7 and 29°8 cms. 


00 %. 


Now, if we compare this summary with those relating 
to the other grounds (see Table XXVI) we see that the 
half of all the fish taken lie between mean lengths of about 
18°8 and 25°2 cms., when these fish are taken from the 
immediate neighbourhood of the modes (or of the means 
when the distributions are bi-modal). The mean range 
of the fish of this group is, therefore, nearly twice that of 
the corresponding ranges in the cases of the other two 
fisheries. This is not due alone to the greater modal (or 
mean) values of the distributions, forthe mean modal-mean 
length for the Beaumaris-Red Wharf grounds is at 21°8 
cms., while that for the Mersey offshore ground is at 
20°3, and that for the Nelson Buoy ground at 19°5 cms. 
What we see in the North Wales fishery is a plaice popula- 
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tion with a much greater range of dispersion—in other 
words, the medium and large plaice are relatively more 
abundant than they are on the other grounds. 

A notable feature of these distributions is also the 
presence of double modes in most of the curves formed 
from them. In June, July, and August the curves have 
single modes, that is, the population has, so far, been one 
which is nearly stationary except so far as it is being 
recruited from the nursery grounds close inshore. This 
modal length—19°5 to about 20°5—approximates closely 
to that of the other fishing grounds, and the increase is 
that due to the natural growth of the fish during the 
season June to August. The amount of growth is rather 
small, but we see from Table XXV that the value of the 
length-weight coefficient & on this ground is significantly 
less than it 1s on the Lancashire and Cheshire grounds, 
that is, the fish are not in such good “condition,” and are 
presumably growing less rapidly. From October 
onwards, the curves become bi-modal, and the mean values 
of the mode for these latter months are about 19 and 28. 
Clearly we have an extensive immigration of plaice into 
the Beaumaris-Red Wharf area from the grounds to the 
North-East, and this consists of the larger fish from the 
latter regions. This immigration establishes a hetero- 
geneous population, which is indicated by the double 
modes of the distributions for these months. The lower 
mode is that typical of the native population of the grounds, 
while the higher one is that of the immigrant population 
from the other fishing grounds. The immigration can 
clearly be traced in the figures for October. The curve 
becomes uni-modal, and the proportion of fish below the 
mode greatly increases—smaller fish are pouring into the 
area. 

This migration into the Red Wharf Bay area is 
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indicated very clearly by the results of the fish-marking 
experiments. We see that in all cases where plaice have 
been marked and liberated on the grounds near Nelson 
Buoy a large proportion of the fishes recaught have been 
taken from the vicinity of the place of lberation. A 
certain proportion also migrate in the winter to the chan- 
nels, and close inshore in the Bays and Estuaries, and 
another fraction of the fish invariably migrate into Red 
Wharf Bay and the adjacent grounds towards the end of 
the year. The mean length of the plaice liberated at 
Nelson Buoy in 1912-3, and recovered in the Red Wharf 
Bay area at the end of the same year of liberation was 
25°5 cms., while the mean length of the other fish 
recaptured on the Nelson Buoy Grounds during the 
summer and autumn season -there was 23 cms. Again, 
the mean length of the fish recaptured from the 
same experiments, and which had migrated during ~ 
the winter months into the shallow waters inshore 
in the Lancashire Estuaries and Bays, was 22 cms. Now, 
these figures do not go very far—though a close analysis, 
in this way, of the results of all the experiments would 
probably make the evidence better—but so far as 
they go they tend to show that the plaice behave, to some 
extent, according to their age. The larger ones migrate 
at the end of the year to the North Wales ground, while 
the smaller ones return to the Estuaries from which they 
originally migrated to the Nelson Buoy grounds. 

There can be little doubt as to what becomes of the 
plaice which inhabit the Beaumaris-Red Wharf grounds 
during the winter months, and which then disappear at 
the end or the beginning of the year. Some of these fish 
—the smaller sizes chiefly—probably migrate back again 
into the shallow water bays and channels between — 
Anglesey and Morecambe Bay, and remain there during 
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the winter and spring months to emigrate out again into 
one or other of the fishing grounds during the following 
summer and autumn. But the larger plaice leave the 
Irish Sea altogether, and migrate into Carnarvon and 
Cardigan Bays, and even into St. George’s Channel as far 
South as the south-west coast of Ireland. Recaptures 
indicating these migration paths are recorded in the 
Reports on the fish-marking experiments, and I have 
published a chart* which shows to what an extent this 
emigration of plaice from Liverpool Bay into Carnarvon 
and Cardigan Bays has been demonstrated.t So far as 
they go the results of the plaice measurements also confirm 
this opinion. As a rule the plaice captured in the 
southern grounds in Cardigan Bay—off Llanon and New 
Quay Head, for instance, are large fish: thus the mean 
length of one haul recorded in January, 1911, just as the 
plaice-emigration from Red Wharf Bay was taking place, 
was 32 cms. The plaice measurements in Carnarvon and 
Cardigan Bays are lamentably few, and although such work 
was contemplated in the scheme of 1911, it has not been 
carried out. But so far as the few observations made on 
the “James Fletcher” by Captain Wignall go, they tend 
to show that the large plaice population in Cardigan Bay 
is not altogether a native one, but is recruited from the 
larger fish moving to the South, out from Red Wharf Bay, 
at the beginning of the year. It is also highly probable 
that this is a real spawning migration on the part of the 
larger plaice, and that, as a rule, the bulk of the eggs 
which replenish the nurseries on the Lancashire, 
Cheshire, and North Wales coasts have been drifted up 
from St. George’s Channel. 


* “General Summary of the results of the Plaice-Marking Experiments 
carried out during the years 1904-1909.’ Ann. Rept. Lancashire Sea-Fish. 
Laby. for 1910, pp. 153-190. Charts I-VI. 1911. 


t The contrary movement, that of Plaice from Carnarvon and Cardigan 
Bays into Liverpool Bay, is represented by some very exceptional results. 
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(e) The Luce Bay Fishery. 


Luce Bay is, of course, within the area of jurisdiction 
of the Fishery Board for Scotland, and we have only 
investigated it to the extent that observations have been 
made while we were trawling there* for spawning plaice 
for the Piel Hatchery. All the plaice caught, 7,748 in 
all, during the years 1908, 1909, 1910, 1911, and 1912, 
were measured, and Table XVI gives these frequencies. 
These records are probably of considerable value since they 
show the distribution of lengths on a natural plaice ground 
which is closed against trawling by any kind of vessel, 
and which is, therefore, exploited by fishermen only 
to a relatively restricted extent. All the hauls, which 
were made during the months of September and December, 
are grouped together. It will be seen that the distribu- 
tion is remarkably asymmetrical: had small-meshed nets 
been also employed, it would have been still more 
asymmetrical. The total range is from 10°5 to 63 cms.; 
the mean is at 26°8 cms., and about 28 % of all the fish 
are less than 21°3 cms. (84 in.), about 24 % being over 
34:2 cms. (1384 in.); 50% lie within the limits 21°3 and 
34°2 cms. The dispersion is, therefore, very much 
greater than that of any other plaice length-distribution 
studied by us. 

The Luce Bay area would well repay investigation on 
a far more extensive scale than we have yet been able to 
undertake. It is probable that it is an area which is, 
to a limited extent, populated by plaice actually reared 
there, that is, it contains ‘“‘nursery grounds.” Marking 
experiments have been carried out in Luce Bay, though 
on a rather inadequate scale, some 300 plaice in all having 
been dealt with. The recaptures have been few (about 
45 in all), but so far as they go the results are consistent 


* With the permission of the Scottish Fishery Board. 
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with what we otherwise know about the ground. Most 
of the recaptures have been made in the Bay itself by 
fishermen using “set-nets’’ and gill-nets, but a certain 
number of plaice have been recaptured in the Solway 
Firth, off the east coast of Ireland, in the Firth of Clyde, 
and in the Irish Sea, between the Isle of Man and the coast 
of Cumberland. The fish recaught in Luce Bay and in 
the Solway resemble in length those about the principal 
modal length of the whole population, that is, about 
21 cms. Those taken in the Firth of Clyde were, on the 
average, about 35 cms. long, those recaught on the grounds 
between the Isle of Man and the English coast were about 
31 cms., while two fish recaught off the east coast of Ireland 
were 32 and 39 cms. in length. What we have to deal 
with is, therefore, a migration of the larger fishes out 
from the Bay in order to spawn, and a general migration 
of the smaller fish between the Bay and the Solway Firth 
Area. 

The frequency curve representing the lengths of the 
plaice caught shows three distinct modes, one principal 
mode at about 21 cms., one at 34 cms., and a less distinct 
one at 30 cms. It is, of course, improbable that we can 
apply Petersen’s method to the interpretation of these 
frequencies. The mode at 21 cms. may probably represent 
the modal length of plaice of Age-Group II, the one 
forming the greater part of the fish population, but if the 
other modes at 30 and 34 cms. represent age-groups, we 
should have to suppose that one is concealed by the 
irregularities of the statistics, and is probably at about 
length 25 cms. We have to wait, however, for a detailed 
investigation of the.groups by means of the examination 
of the otoliths before we can venture to assign lengths to 
the various groups. ‘The investigation would be a most 
interesting one, for certain things suggest that the plaice 
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“ racially ”’ from that 


in Luce Bay form a group varying 
of the Irish Sea, and that the growth-rate may be a 
slightly different one. But to demonstrate this biometrical 
examination of certain selected morphological characters 


both in Irish Sea and Luce Bay plaice would be necessary. 


(4) Growth and Age-Groups. 


About 16,000 plaice have been examined in the — 
laboratory during the years 1909-1918. As a rule, these 
fish were received in samples of about 100 specimens. On 
receipt, they were at once sorted into centimetre groups, 
all the fish in each group being put into wooden trays. 
The contents of each tray were then weighed to the nearest 
eram, and the average weight of the fish in each group— 
that is, the fish with a mean length of n-5 cms. was calcu- 
lated. The fish were then examined for age and sex. Sex 
was determined by holding up each fish against a strong 
hght with the coloured side turned towards the observer: 
only very infrequently was it necessary to make a dis- 
section. The otoliths were then taken out and “read,” 
and the age-groups recorded. In the case of plaice of 
less than 15 cms. in length, the sex was not, as a rule, 
determined. When the sample was a large one, these 
small fishes were sorted as usual, and then all the otoliths 
were placed in groups on a piece of black cardboard, and 
allowed to dry, so that they became attached. The cards 
were then placed in weak glycerine, so that the otoliths 
became slightly translucent, when the age-groups were 
read, usually with the assistance of a hand-lens. 

It has been assumed that the method of age-determi- 
nation by inspection of the otoliths gives reliable results. 
The matter is not, however, so simple as it appears, and 
there are perhaps some details with regard to which investi- 
gation is necessary. The statistical method used by 
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Einar Lea with regard to the scales of the herring, and 
which has been criticised by Miss Rosa Lee,* has not 
been employed, so that it seems hkely that the results of 
this investigation may be relied upon. 

All the plaice examined have been reported upon in 
former papers in these Reports. We may consider, first 
of all, those fish which were caught during the months of 
October to March, both included. These are they which 
had ceased to grow—for taking into account all the evi- 
dence available from these measurements, and from the 
results of the marking experiments, it seems highly 
probable that growth proceeds only during the months 
April to September, and is considerable only during May, 
June, and July. In considering the Tables XXIJ-III, it 
must, therefore, be borne in mind that we are supposing 
that the plaice in question are those caught at the middle 
of the season of no growth—that is, at the end of 
December. The error of age is, therefore, plus or minus 
three months. But since plaice do not grow during the 
months October to March, and since we may assume (in 
the meantime, at least) that the mean spawning period is 
about the end of March, it would appear that the mean 
or modal lengths deduced from Tables XXII and XXIII 
represent the lengths of the fish in each age-group at the 
end of each complete year of life. 

Table XXIII then gives the numbers (actual 
numbers and percentages in each grouping) of those 
plaice in which both sex and age have been deter- 
mined. Table XXII gives similar data for all the 
plaice examined, including those in which the sex 
was not ascertained: in this Table the sexes are 
erouped together. It is doubtful whether it is worth 


* “ An investigation into the methods of growth determination in Fishes.” 
Publications de Circonstance. Cons. Perm. Internat. Explor, de la Mer. 
No. 63, Nov., 1912. 


O 
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while discriminating between the sexes of Irish Sea plaice 
up to Age-Group III. Thus the mean length of male fish 
of Group ITI is 21°03 cms., while that of females of the 
same mean age is 21°26, a mean difference of 0°23 cms. 
Now small as this difference is, it is significant, for the 
number examined is large. Thus the standard deviations 
(,/#,) for the males and females of this group are + 3°11 
and + 2°87 respectively, and the corresponding “ probable 


errors” of these means (0°6745 ue 2 being the ‘“ second 


moment ”’ of the group frequency ‘diaeribuniae and N the 
numbers of specimens) are + 0:052 and + 0:05 cm., so 
that the glia Las error of the difference of the two means 
(A/ (Ea)? + (E)?, + (Hi.)?, #, and #, being the probable errors) is only 


+ 0°022 cm., thus being very much less than the observed 
difference. The difference of the mean lengths of the fish 
in Group IIT is also very small—the figures are 29°69 for 
the males and 26°58 for the females—and it is in the 
opposite direction, the males being apparently slightly 
longer than the females of the same mean length. But 
we find, on calculating the probable error, that it 1s greater 
than the observed difference in the means, so that the 
number of plaice examined is not great enough to yield 
satisfactory determinations of the mean lengths of the 
sexes. This, obviously, is also the case with the fish of 
Group IV. We may conclude, then, that the differences 
between the mean lengths, or growth rates, of plaice up 
to the end of the fourth complete year of age is small, 
and need not be regarded as of practical importance. 

This being so, we can combine the sexes and thus 
obtain as large series of figures as possible, in the hope 
that satisfactory frequency distributions for each of the 
age-groups may be obtained. In this way the series of 
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curves in Fig. 4 has been obtained: the figure is really 
the graph of Table XXII, with some modifications sug- 
gested by a critical survey of the data. The heavy, 
continuous lines are the graphs of the series for Age- 
Groups O, II, III, and IV, as they are set out in 
Table XXII. The graph for Group I, on the other hand, 


is constructed from the following series of measurements : 


Mean length. No. % 

6-5 4 0-71 

7:5 13 2-30 

8-5 8 1-42 

9:5 11 1-95 
10-5 25 4-42 
11-5 65 11-50 
12-5 82 14-52 
13-5 63 11-15 
14-5 50 8-85 
15-5 51 9-03 
16-5 47 8-32 
17-5 61 10-80 
18-5 51 9-03 
19-5 22 3°89 
20-5 fl 1-24 
21-5 3 0-53 
22:5 2 0-35 
DGUCIE RES Aaaaaanaee 565 100-01 


It will be obvious, from a consideration of Table XXII that 
the means of Groups I and II lhe very closely together 
(about 18 and 20 cms.). Now the difference between the 
mean length of Group O and that of I is considerable, 
and so also is the corresponding difference between IT and 
III, and III and IV. Why, then, should I and II be so 
close together? ‘The reason is, of course, that the figures 
for Group I in Table XXII do not representa real “sample” 
of the fish “ population,” which is being investigated, 
and the consideration of this point is of some importance 


since it points to a source of error which is inherent in all 
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fishery statistical investigations, that is, the material 
studied consists of samples, and these are collected by 
apparatus which does not, as a rule, give a sample really 
representative of the natural population which we wish 
to investigate. Fish samples, as well as plankton samples,- 
are taken by means of nets which catch some things, but 
do not catch others, or which catch some things in much 


Aina OME TG iam nic Saal ee Olan Gian = Ole Dae fae P Ones 


Fig. 4. Age-groups of Plaice in the Hastern waters of the Irish Sea. 
Figures on the vertical axis are percentages of all the fish of each 
group caught. Figures on the horizontal axis are the lengths of the 
fish. The smooth lines in the figure pass near the points actually 
plotted. The broken lines represent the probable shapes of the curves 
for Groups I and IV if very large series of measurements were obtainable. 


greater proportions than they catch others. We assume, 
for instance, that the ratio between the numbers of 
copepods, peridinians and diatoms taken in a plankton net 
are just the ratios in which these organisms exist in the 
sea; or that the ratio between the numbers of plaice of one 
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and two years of age taken in the six-inch trawl net is also 
the ratio between those fishes living on the fishing grounds. 
Unless we had some means of investigating the “ catching 
power ” of plankton nets and fish-trawls, we should have to 
stick to this postulate; but we do know that a plankton 
net of No. 20 silk does not give us a real sample of 
copepods or fish eggs, while it may give us a real sample 
of the larger diatoms; and we also know that a trawl-net 
of 6-inch mesh gives us a real sample of plaice of Group II, 
but not a real sample of Group I or Group IV. The same 
source of error is inherent in each of the plankton and 
fish-nets: the copepods and fish eggs enter the plankton 
net, and are, to some extent, swirled out again, and the 
smaller diatoms pass through the meshes of the silk; 
_ while the larger plaice of Group IV enter the 6-inch trawl 
net, and may escape out from its mouth, while the small 
ones of Groups O and I escape through the meshes. It 
seems easy enough to remedy this defect in the collecting 
‘methods: we might use simultaneously plankton nets of 
different meshes, or fish-trawls of different mesh dimen- 
sions; and as a matter of fact, this has been attempted. 
Plankton nets of coarse and fine silk are employed, and 
fish-trawls of 4, 4, 6, and 7-inch meshes are employed, for 
the collection of pelagic organisms and of fishes. But 
again, we must consider whether or not we have employed 
just the right sorts of nets, and whether we have obtained 
just the right numbers of samples from each. Do, for 
instance, parallel hauls with plankton nets of (say) 10 and 
20 silk, or parallel hauls with }-inch and 6-inch trawl- 
nets sample the plankton and fish population? We are, 
I think, able to answer this question in regard to the fish 
samples, but I do not know of any easily-available means 
of answering it in the case of the plankton samples. And 
yet, until we can answer the questions indicated, and then 
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subject the results obtained to rigid statistical analysis, 
with due consideration of the errors involved, the crude 
results of experiments have questionable value. 

The graph of Age-Group I in Fig. 4 has, therefore, 
been constructed from plaice examined in 1913. These 
fish were caught by means of both shrimp-trawl and fish 
trawl nets, that is, nets of 4-inch and 6-inch meshes, and 
the number caught in the smaller net was about double 
that taken in the larger mesh net. It is obvious that this 
combination of nets does take plaice of every length con- 
tained on the ground sampled, but it is doubtful whether 
the proportion of each (say) 5 cm. range of lengths caught 
is truly representative of the proportions of fish at those 
lengths actually lhving on the sea bottom. If the fre- 
quencies actually obtained be integrated, and the results 
then plotted, we obtain a curve which shows very clearly 
two modes, one at about 12°5 cms., and the other at about 
18 cms. It is very unlikely that such a distribution is 
a natural one: if it were, we should have to conclude that 
we were not dealing with a homogeneous population, but 
with one consisting of two “races,” that is, with one race 
of plaice which had a modal length of 12°5 cms. at the end 
of the second year of life, and another which had a modal 
length of 18 cms.—a condition which is very unlikely. 
If, however, we “smooth”’ these integrated frequencies, 
that is, draw a curve as evenly as possible near to all the 
points, but still a curve which will give only a single 
point of inflexion, we obtain a modal length for the group 
of about 15 cms., and this is the curve which is shown in 
Fig. 4. 

There is little doubt that the series for Group O is a 
reliable one, and that the curve for this group given in 
Fig. 4 really represents the naturally occurring popu- 
lation. It shows that at the end of the yearly season of 
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growth there are practically no plaice below 4 cms. in 
length: this limit represents the minimum size to which 
plaice grow in their first year of life. Also there are 
practically no plaice, in the first year, of lengths greater 
than about 12 cms.; this mit represents the maximum 
size to which the fish grows in Lancashire waters during 
its first year. So, also, the curve for Group II appears to 
be a natural one, for plaice between about 12 and 30 cms. 
in length would be caught by a 6-inch trawl-net in very 
much the proportions in which they actually exist on the 
fishing grounds. It is also probable that the curve for 
Group III is a fairly accurate one, but that for Group IV 
does not seem right: it ought to have a greater dispersion, 
so that the frequency at the mode ought not to rise so high 
as is shown in the figure. The catches made do not, in 
fact, really represent the frequencies of this age-group in 
Lancashire waters, because plaice of over four years in 
age are relatively scarce on these fishing grounds, and 
the samples so far obtained are not really representative 
ones. ‘The curve for Group IV ought to be flatter, just as 
that for Group I ought to be steeper. This modification 
is suggested by the curves drawn in broken lines, and it 
is hoped that further study of the age-groups will bear 
out the suggested alteration of the modal lengths so far 
actually observed. 

We may, therefore, summarise the results of this 
section as follows : — 
Modal Lengths of Plaice in Lancashire Waters: - 

Plaice of Age-Group O (that is, over 0 and under 

1 year of age) are, on the average, ¢ cms. 
(22 in.) long. 

Plaice of Age-Group I (that is, over 1 and under 2 

years of age) are, on the average, about 13 cms. 


(54 in.) long. 
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Plaice of Age-Group II (that is, over 2 and under 3 
years of age) are, on the average, about 19°5 cms. 
(72 in.) long. 

Plaice of Age-Group III (that is, over 3 and niles 4 
years of age) are, on the average, about 26°5 cms. 
(103 in.) long. 

Plaice of Age-Group IV (that is, over 4 and under 5 
years of age) are, on the average, about 33 cms 
(13 in.) long. 

Fish larger and older than these do, of course, fre- 
quently occur, but, for all practical purposes, the above 
eroupings represent the plaice of economic importance 
present in the inshore waters of Lancashire, Cheshire and 


North Wales. 


(5) Distribution of the Age-Groups on the Fishing Grounds. 
One of the objects for which the ages of the fish 


samples were determined was that of ascertaining to what 
extent the various years of life were represented on the 
various grounds. The material available for the discus- 
sion of this question is given in the Tables published in 
former reports on the plaice measurements, but I think it 
hardly worth while grouping the figures with this object 
—in the meantime at least. It is doubtful whether the 
observations are numerous enough for this purpose, but a 
more sérious objection is that the samples received may 
not have been representative ones. As arule, only a part 
of the catch—from 50 to 100 fish—was sent to the 
laboratory for examination. The samples sent from the 
“James Fletcher ” seem to me to represent fairly well the 
distribution of the whole catch made, but this has not 
been the case with other samples. To find whether the 
samples are, or are not reliable would mean plotting the 
distributions against each other—that of the whole catch, 
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and that of the sample,—and then endeavouring to 
“weight ” the means of the several cm. groups accordingly. 
Until the data are more numerous, and until the samples 
are more regularly taken it does not seem worth while 
undertaking this work. 

The material that we do possess does, of course, 
differ in the composition of the catches of fish made on 
the various grounds, and these differences are very much 
what one would suspect to exist. For instance, a rough 
estimate of the proportions of Age-Groups I to III in the 
catches made on the Nelson Buoy grounds during May to 
August, and on the Beaumaris-Red Wharf grounds during 
October to January gives the following figures : — 


Nelson Buoy. Beaumaris, Red Wharf Bays. 
Age-Group I. 16% 11% 
Age-Group II. 72% 75% 
Age-Group III. L9G 13% 


These show that the plaice population on the latter 
erounds is an older one—very slightly older—than on 
the former grounds. But no age-groups beyond the third 
are considered, for the numbers of the larger fish received 
are too small to utilise with confidence. It is, however, 
the case that the larger and older fish are far more 
numerous on the North Wales than on the Lancashire 
eround, but with respect to the younger groups the differ- 
ence does not appear to be a great one. What we have isa 
native population which in both cases has approximately 
the same length distribution, but with, in the case of the 
winter fishery, a distinct population of older fish super- 
added by migration from other grounds. 
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(6) The Question of Size-Limits. 


These plaice measurements provide, for the first time 
since the Committee began to make scientific investiga- 
tions, satisfactory data for the discussion of possible size- 
limits. By interpolating on carefully drawn curves 
constructed from the integrated frequencies, the percentages 
of fish present on the grounds above or below any specified 
length can be found. Thus if we wish to consider what 
would be the effect of a size-limit of 20° cms.—just over 
8 inches—we shall find that the following proportion of 
all the plaice caught by means of a 6-inch trawl mesh 
fall below this limit. 


Nelson Horse Beaumaris 


Buoy Channel and Red Luce 
grounds, grounds, | Wharf Bay Bay. 
grounds, 
JARUAEY Sars. osewendestece = = 23% — 
Rebrtlainy:  carensaaeenaee = a nee — 
Manly ..c cscs seco uatomaee = — — — 
ATU cictusnicse et watiecsene — 54% — — 
Dien Fecaton secetncastencee 67% 54% — aaa 
UC. vrscciccecitenbanmeaceee 58% 69% 42% = 
iUllye a oAlreeabgs sempichinw anne 50% 51% 37% — 
IATIOUIBES ieee ncsonnscoees 39% 28% 38% — 
September ©... scseusees 45% 28% 36% — 
= October si3 Se aeccteacs 43% 28% 59% 
INevemberg. »..bceces-0ce — — 27% 22%) 
December scxsccresscaees — — 20% J 


By similar means we can, of course, find the corre- 
sponding figures for any other proposed size-limits. 

It will be seen also that the adoption of any such size 
limit would differentiate in favour of one class of fishermen 
and against others. A 20°5 cm. size-limit would obviously 
prevent about one-half of all the fish caught on the Nelson 
Buoy grounds from being landed. Presumably such 
legislation would have for its object the prevention of 
trawling on such a ground as this, the argument being that 
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the fishermen would refrain from fishing on such small 
plaice grounds if they were prevented from landing the 
bulk of the fish caught. Now, these grounds are largely- 
exploited by second-class sailing trawlers. The imposition 
of a size-limit can only be justified by postulating that the 
fish that would otherwise be taken by unrestricted trawling 
will remain alive in the sea, migrate to other grounds and 
grow to a size at which their commercial value will 
become very considerably greater. This migration occurs, 
although we may not be prepared to say that all the fish, 
which the imposition of a size-limit would leave uncaught, 
will survive and grow at the normal rate: it is likely that 
“thinning-out ” the plaice population of these grounds 
by trawling leads to the more rapid growth of the 
survivors. Suppose, however, that the migration and 
growth of the plaice left uncaught by the proposed restric- 
tion proceed as suggested in this report. Then we save the 
fish which would have been caught by the second class 
vessels to be caught by the smacks working offshore, and 
in the Beaumaris-Red Wharf area, in the winter months. 

Following up the same argument we see that a size- 
limit of 20°5 cms. would prevent some 40 to 50 % of plaice 
living in the Red Wharf Bay area from being landed 
during the months of June to October, supposing that it 
were worth while to trawl on these grounds during this 
period. It would prevent the landing of some 20 % to 30 % 
of the plaice caught during the months of November to 
January, but this would probably not prevent trawling 
with nets of 6-inch mesh, for it would still be profitable 
for the smacks to work on these grounds even if they were 
obliged to return (dead or alive) to the sea all the plaice 
less than 20°5 cms. taken by them. It might then be 
urged that a size-limit of 20°5 cms. effective in preventing 
trawling on the Nelson Buoy grounds would be ineffective 
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in the case of the winter fishery, and a higher size-limit 
would be demanded. This would now differentiate against 
the smacks, and in favour of the steam trawlers who would 
(supposing that the argument is sound) fish for these plaice 
after they had migrated from out the Beaumaris-Red 
Wharf area into the deeper waters to the mouth of St. 
George’s Channel.* 


(7) The Length-Weight Coefficient k. 

This has been determined in the case of all samples 
of plaice received at the laboratory. The fish were sorted 
and weighed, and then the average weights on the 1 cm. 
groups were calculated, and from these series the 


L 
coefficient & in the expression / ' &ledl was evaluated as 
L | 


described in previous reports. 

By using tables of the fourth powers of the numbers 
15°5 to 35°5 (the commonly occurring mean lengths), and 
of the logarithms of the powers of these numbers, the 
calculations of & were rapidly and accurately made. The 
results are given in Table XV (for the year 1913) and XXV 
(for the years 1909-1913). 

It is doubtful whether (so far at least) these results 
- have any useful or even theoretical application. If the 
series of samples examined during the years 1909-1913 
had been more numerous, had, in fact, been really repre- 
sentative of the fisheries studied, then something might 
have been deduced from the tables of k-values. As it is 
the series are too incomplete to be of much use. | 

Anyhow the results are summarised in Table XXV, 
and I give here a graph of the mean values of & for the 
whole district investigated, and for all the years 1909- 
1913. The curve is drawn smoothly through a series of 


*This question is further discussed in the introduction to the Report on 
the plaice-marking experiments in the present Report. 
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rather irregularly distributed points, but it seems certainly 
to have the general shape represented. It rises more 
quickly to a maximum about the end of July than it falls 
away from this maximum. Superposed on it is a curve of 
the variation of sea-temperature at the Liverpool North- 
West Light Vessel in 1912, and it will be seen that the 
variation in the value of the coefficient & is of the same 
nature, and very much the same extent as that of the varia- 
tion in sea temperature: in other words immature plaice 
are in best condition when the sea temperature is higher 
than when it is lower than the mean—a result which was, 
of course, to be expected. 


any. Feby Mar / ay une uly ug Sept, Oct. ov ec 


Fic. 5. Variation of the length-weight coefficient k, and of the Sea- 
temperature. The unbroken line represents the variation of k, the 
broken line that of Sea-temperature. O—points relate to temperature, 
+—points to k. 


The correspondence is not so close as it might have 
been made if we had been able to obtain better series of 
samples. The samples taken at the end of the year are 
mainly those from the Red Wharf Bay area, and here the 
temperature of the sea is higher than it is at Liverpool 
North-West Light Vessel. Also comparatively few 
samples have been obtained during the early months of 
the year: had there been more we should have obtained 
lower values of &. That is to say, if we could “ weight” 
k-values, or the temperature values, so that each series 
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were as representative of the general conditions as the 
other, we should get, I think, a very close correspondence. 

So far as we have been able to study them the k-values 
do not seem to be very useful. But that is because of the 
fewness and irregularity and unrepresentative nature of 
the samples. There is little doubt that numerous and 
precise data, if we could obtain them, would be of service 
in explaining anomalous results with respect to migrations 
and length-distributions, and would, perhaps, prevent us 
from falling into error in interpreting such unusual 


results. 
Table I. 


King William Between King 
Duddon Bank, Bank, William Bank 
October, 1913. March, 1913. and Selker Ship, 
February, 1913. 


175 15 — 


me] fel | pee eel ee] | | em aoonawa! | 
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Table I1.—Blackpool to Liverpool Bar. 6 inch Mesh, 1943. 


May. June. July. August. | September. 


10-5 — = — — — 
11-5 = == a = — 
12-5 = — == = == 
13-5 1 == = == 1 
14:5 Cf 1 1 = 3 
15-5 4 1 = 2 4 
16-5 8 2 17 35 15 
17-5 25 3 63 155 68 
18-5 30 5 218 324 153 
19-5 22 14 378 392 201 
20-5 29 13 237 467 281 
21-5 12 13 101 280 245 
22-5 18 4 47 158 203 
23°5 11 5 26 81 109 
24-5 10 2 12 41 74 
25-5 3 i. 10 23 43 
26-5 5 1 us 22 28 
27:5 4 3 3 15 12 
28-5 1 = 2 13 12 
29-5 == 1 2 i 10 
30-5 = = = d 7 
31-5 == 1 = 3 2 
32-5 = = 1 2 + 
33°5 1 = = ih 2 
34:5 = = = 3 3 
35-5 == 1 — = = 
36:5 == == = — 1 
37:5 = = — = 1 
38-5 =e ae — — = 
39°5 = a a a — 
40-5 a= = = == = 
41-5 — — — 1 —_ 


— 
eo) 
— 
~J 
~ 
— 
—" 
bo 
OL 
bo 
=) 
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— 
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bo 


218 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


Table I1]Mersey Estuary. 6 inch mesh. 1943. 


Mar, | May. | June.| July. | Aug. | Sept.| Oct. | Nov. | Dec. 
10-5 a 
11-5 = 
12:5 8 
13-5 a 
14:5 7 
15:5 24 
16-5 4] 
17-5 49 
18-5 51 
19-5 34 
20-5 33 
21-5 40 
22-5 7, 
23-5 
24:5 
25:5 
26-5 
27-5 
28-5 
29-5 
30-5 
31-5 
32'5 
33:5 
34:5 
35:5 
36-5 
37-5 
38-5 
39-5 
40:5 
41-5 
42-5 
43-5 
44-5 = 
45-5 = —= — 


322 | 190 | 279 2509 | 932 | 477 2369 | 372 10 
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GR See Pa ek Se ee 

Rites ho Geer lace see ss 

ichskchaais hci heen Sere etl 

12S Ress tsetse atelier Pees) cle pela a en ee 


ee Cr. 
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Table IY. Mersey Estuary. 


Jan. 

4-5 — 
5:5 1 
6-5 a 
75 14 
8-5 27 
9-5 33 
10-5 63 
U5 | 147 
12-5 1A by 
13-5 84 
14-5 49 
15-5 37 
16-5 8 
17-5 11 
18-5 1 
19-5 3 
20-5 — 
21-5 1 
22-5 a! 
23-5 o 
24-5 1 
25-5 
602 
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Feb. | April.| May. | June. | July. | Aug. | Oct. 


one 
VSyoaw | | 


160 


PTTL LLL LL] een iia Foe | 


90 [2047 


1008 


1393 


188 


= 1 
== 3 
= 1 
1 1 
1 1 
2 3 
10 8 
10 20 
9) 20 
11 6 
10 14 
30 5 
1S) 6 
3 5 
15 3 
10 + 
6 3 
4 2 
3 a 
1 ais 
141 106 


Nov. 
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| 
| 
| 
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| 
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Table VY. 


Beaumaris and Red Wharf Bays. 6 inch mesh. 1913 


April. May. June. July. Aug. Sept. Oct. Dec. 


—_ — 
ee) Or 
or or 
ooo = ea | | | 


bo = 
ce 
Or O11 
— 

bo SO) Go 


bo 
~J 
Or 
LITT TIP TTP LL LL lee mamma mSSe88Ssaanl 1 1] it | 
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10-5 
11-5 
12-5 
13-5 
14-5 
15-5 
16-5 
17-5 
18-5 
19-5 
20-5 
21-5 
22-5 
23-5 
24-5 
25-5 
26-5 
27-5 
28-5 
29-5 
30-5 


Table 


Jan. 
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VI. 


Mar. 
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Menai Straits. 


April. 


LLL TT TT Leo Prom rccrer | | coro! | | | ol wermewane! | | I | 


June. 


|| | wwacSaon! || | | | 


6 inch mesh. 


1913. 
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Table VII. Carnarvon Bay, 6 inch mesh. 1913. 


February. | April. May. June. July. August, 

1 — 1 a 1 tel 
== me 1] 4 2 5 

1 = 49 17 + 21 

1 = 64 35 - 13 27 

1 = 64 49 23 63 
a = 37 34 25 43 
— — 39 31 48 4] 

] = 26 16 42 36 
== = 19 11 19 34 
oa a a if 17 10 
— 1 14 7 16 10 
= 1 11 13 3 
= = 10 6 7 1 
a 1 10 2 — 1 
— = 8 2 1 = 
= i 6 1 = — 
— = 5 2 3 = 
= 1 3 =e ae a 
— = 6 1 1 — 
Baas any 5 3 oy sa 
see 3 == Je 2 
ae nee 4 1 Bee = 
te Se, 1 as ae = 
pee Be 2 at fie. = 
Sls 1 ae me es a) 
ei ae 1 a2 see aaah 
be es 1 pe ae =e 
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Table VIII. Cardigan Bay, 6-inch mesh. 1913. 


January. February. May. June. 
12-5 6 = = = 
14-5 ui = aa “= 
15-5 9 = = == 
16-5 = = = = 
17-5 8 = 19 5 
18-5 6 = 78 2 
19-5 4 = 76 5 
20-5 4 1 Zieh 18 
21-5 5 (2 61 15 
22-5 == == 72 21 
23-5 9 3 60 i) 
24-5 3 = 66 9 
25:5 1 = 62 8 
26-5 a= = 56 7 
27-5 == 4] 4 
28-5 = == 36 8 
29-5 1 — 16 1 
30-5 3 = 14 2 
31-5 = = 7 2 
32-5 == = 11 1 
33-5 = = 2 1 
34-5 = 1 1 
35:5 r = — — ] 
36-5 = — — 1 
37:5 = = — 1 
38-5 a = ose — 
39-5 “= = == = 
40-5 = = = a 
41-5 — = a == 
42-5 = — == al 
43-5 aa — == 1 
44-5 = — == =s 
45-5 aa — == = 
46-5 = — — = 
47-5. =— — a = 
48-5 — _ — 1 
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Table XIV. Carnarvon Bay. 1913. 


April. May. June. July. Aug. Oct. 


Sai be 2) Be ice ae 9 3 9 | 3| 9 eo) oi 


| ——$<___},_—__—— 


Croup) ay..00: 3] 5] 2| 1} 2) 3) 4) 2) 3) 4) 5] 1) 2) 3) 4, 1) 2) 3) 2) 3] 2) 3) 1) 2] 1) 2) 2] 3] 1) 2 
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SEA-FISHERIES LABORATORY. Zook 


Table XY. Values of the Length-Weight Coefficient k. 1913. 


Beaumaris 
Morecambe} Near Mersey | and Red Menai | Carnarvon 
Bay. Nelson | Estuary. Wharf Straits. Bay. 
ss Buoy. Bays. 

January ... = = = == == ata 

. February == aa = — = = 
March ...... — == 0-785 — — — 
2050 | ee 0-948 = 0-832 — — — 
MEBs 520 02% 0-948 0-819 0-949 0-950 — 0-898 
Ue eee 1-029 0-909 0-866 0-926 — 0-904 
SPU = c- — 1-010 1-019 0-985 — 1-035 
August ... = 0-997 0-999 0-835 == = 
September = 0-981 = 0-937 = = 
October ... 1-048 = 0-959 0-964 0-955 == 
November |  — = | 0-848 0-966 0-985 = 
December == = = 0-916 0-911 — 


Tastes XVI—XXI.—SumMARIES OF THE LENGTH-FREQUENCIES OF 
PLAICE TAKEN ON THE VARIOUS FISHING GROUNDS 
DURING THE PERIOD 1908-1913. 


Table XVI. Luce Bay, 1908-1912. 


Length No % Length No % 
10-5 2 0-02 37°5 173 2-23 
11-5 6 0-08 38-5 155 2-00 
12-5 a 0-09 39-5 119 1-54 
13-5 9 0-12 40-5 91 Doles 
14-5 22 0-28 41-5 58 0-75 
15-5 79 1-01 42-5 66 0-85 
16-5 271 3-48 43-5 42 0-54 
17-5 372 4-80 44-5 51 0-66 
18-5 412 5-32 45-5 18 0-23 
19-5 523 6-75 46-5 27 0-35 
20-5 538 6-95 47-5 17 0-22 
21-5 454 5:86 48-5 13 0-17 
22-5 412 5-32 49-5 12 0-15 
23-5 380 4-9] 50-5 5 0-06 
24:5 306 3-95 51:5 6 0-08 
25-5 290 3°74 52-5 3 0-04 
26-5 292 3°77 53-5 6 0-08 
27°5 257 3:32 54:5 2 0-02 
28-5 231 2-98 55-5 = aie 
29-5 259 3:34 56-5 2 0-02 
30-5 239 3-08 57:5 ] 0-01 
31-5 218 2-81 58-5 3 0-04 
32:5 276 3°56 59-5 — — 
33-5 299 3:86 60-5 — — 
34:5 264 3-41 61-5 — — 
35-5 251 3°24 62:5 2 0-02 
36-5 207 2:67 000 | 


Totals? a7 7,748 99-95 
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Table XXII. Ages of Plaice measured during October to March, 
1908-1913. Sex not considered in the groupings. 


0 1. ‘lili III. IV. 
Mean Totals, 
length 
No % No OF NO Ee AN INO 

4-5 SO | kt oe sat ais ae 20 
Ss onlsg 20-47 | — an ee = =. ey eee tate 187 
6-5 | 310 | 33-95 AGO ES ig == aw = 314 

75 | 245 | 26-83 13) | OesS es = = ey 258 

8-5 | 114 | 12-46 9| 0-40; — es 8 123 

9-5 21 | 2-30 Be le alee lai teres ae = ey ee 54. 
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Table XXIV. Modal Lengths of Plaice measured during 1908-1913. 
| 


aie 
4-inch 


6-inch trawl-mesh. trawl-mesh. 


Blackpool to Horse Beaumaris and Mersey 

Liverpool Bar. | Channel. | Red Wharf Bays.| Luce Bay. Estuary. 
Jan, ... = — 20-6, 28 (25-04) — 7 
BEDE as. — — — — 8:2 
Mar... — — — — 8:5 
April ... = 19-6 — —- 7, 14-2 
May ...| 17-2 19-8 - a 15-6 
June ...| 19 18-8 19-5 -- 10, 14-6 
July ...| 19-8 20 20-6 ss 5:3, 11-6, 19-4 
Aug. ...| 20-2 : 21-4 20-4 os 12, 16, 19-2 
Sept. ...| 20 21-5 "| 19-2, 25-4 (22-7) 7:7, 15-6 
Oct. ...| 18:4, 24 (21:03) | 21 18, 28-4 (20-5) 20-6, 30, | 7:3,'13 
Nov. ... z. — 18-5, 30-8 (24-0) 34 (26-84) | 7:6 
IEC 4. = — 22-2 (24-16) 7-2 


Norr.—Numbers in brackets are means, 


Table XXVY. Mean Values of the Length-Weight Coefficient k. 
1908-1913. 


Beaumaris 
Morecambe Near Mersey and Red Menai Means. 
Bay. Nelson Buoy.) Estuary. | Wharf Bays.| Straits. 


I i | Sf 


Jan 0-907 — 0-866 —- — 0-886 
Feb 0-973 -= 0-838 — 0-972 0-927 
Mar 0-941 = 0-834 ~ 0-836 0-870 
April 1-006 — 0-874 — -—— 0-940 
May 0-974. 0-950 1-006 0-950 —— 0-970 
June . 1-14 0-980 0-980 1-015 = 1-029 
July 1-17 1-031 1:074 0-985 — 1-085 
Aug. —_ 1-024 1-067 0-954 ~ = 1-015 
Sept. . 1-06 1-022 1-063 1-005 ~- 1-037 
och, . 1-03 1-028 0-977 1-035 0-955 1-005 
Nov. 0-949 1-07 0-999 1-021 0-953 0-998 
Dec. oe — — 0-965 0-855 0-910 


Means ... 1-015 1-015 0-961 0-991 0-914 — 
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REPORT ON THE EXPERIMENTS WITH MARKED 
FISHES MADE DURING THE YEAR 1913. 


By Jas. Jounstone, D.Sc., anp T. Monacuan. 
(With Tables and Charts.) 


The object of the experiments of 1912 and 1913 has 
been to provide data confirmatory of the former experi- 
ments. Plaice have been marked and liberated on the 
same grounds, and at similar seasons during various years, 
until a mass of results has been obtained which can be 
summarised, all the experiments made under the same 
conditions being grouped together. It is hoped that, 
in this way, cumulative evidence of the regular yearly 
migrations, free from any accidental results, may be 
obtained. When we have such a general picture of the 
migratory movements of plaice in the Kastern half of the 
Irish Sea, the results of any single experiment can be 
considered by themselves, so that the factors of migration 
peculiar to the season in question can be considered. In 
1910 a general summary of the experiments of earlier 
years was made, with the object of obtaining suggestions 
for future work. ‘These suggestions have been applied in 
the experiments of 1912 and 1913, and it is proposed that 
the same general lines of work be followed in 1914. After 
that, the deviations from the normal which may be 
observed in individual experiments may usefully be 
studied in relation to unusual physical or other conditions. 

Throughout the experiments of these and former 
years the object in view has been simply that of attaining 
a knowledge of the movements and rate of growth of plaice 
living in the Lancashire and Western Sea Fisheries Area. 


Me 
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Such an attitude, in studying a problem which seems likely 
to become one of economic importance, appears to be the 
best one, if the results expected to be attained are to possess 
economic importance. The research, in the past, has 
therefore been a purely abstract one, unhampered by 
any obligation to obtain results of “ practical” value. 
Nevertheless, one seems to foresee certain directions 
which legislative restrictions on fishery methods may take 
in the immediate future. The closure of fishing grounds 
has been tried in this district and elsewhere with but 
indifferent success, and the same may be said of the 
attempt to regulate the dimensions of nets and other 
fishing gear. After adopting mesh regulations and 
enforcing these at some considerable expense, and creating 
acute friction between the fishermen and the fishery oflicers, 
this and other Local Committees have been obliged to 
confess the failure of their policy by the rescinding of some 
of their bye-laws. In devising and carrying out these 
experiments, as well as in the organisation of the collection 
of statistics relating to the sizes of plaice on the fishing 
erounds, we have, therefore, been influenced by a con- 
sideration of the kind of data that may, perhaps, be 
required when a further period of legislative restriction 
is entered upon by the fishery authorities. It must be 
admitted that if even such a limited collection of experi- 
mental and statistical results as we now possess had been 
acquired during the first half-dozen years of the work 
of the Local Fishery Committees, the legislative restric- 
tions of the last fifteen or so years might have been more 
successful. 

If, then, the imposition of legal size-limits on plaice 
and other tish landed for sale in this and other parts of the 
country be attempted, the results presented in these and 
other reports may be of value. In another paper in this 
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publication the materials for assessing the probable effects 
of size-limits in the case of plaice are given. But even 
when we know what fraction of the total catch of fish 
made is likely to be affected by the imposition of, say, an 
eight-inch limit to plaice landed, the problem of the utility 
of such a regulation is far from being solved. If we 
prevent fish from being landed, we must also prevent them 
from being caught. No useful result is attained merely 
by preventing the capture of plaice of, say, less than eight 
inches in length: underlying the attempt to prevent these - 
relatively valueless fish from being caught is_ the 
assumption that they will grow, in a short time, to be 
fishes of much greater commercial value. Perhaps some 
of them may, but it must be pointed out that nothing 
justifies us in confidently expecting that a considerable 
proportion of the small plaice saved from capture on a 
small-fish ground will grow to be medium-sized fish on 
an adjacent ground. Before we embark on legislative 
restrictions affecting the practice of the inshore fishermen, 
we ought to be sure that the loss to these men will be much 
more than balanced by the gain which other kinds of 
fishermen will experience. And even when we are quite 
sure that this gain will be attained, the further social- 
economic problem arises as to whether we are justified in 
adopting legislation that is designed to operate by trans- 
ferring a profitable fishery from one poorer, to another 
richer, class of fishermen. This, of course is a problem 
with which, as investigators, we have nothing to do. 
Putting the question in as concrete a form as we can, 
the points to be considered seem to be these :—Between 
Nelson Buoy and Liverpool Bar there is a summer and 
autumn plaice fishery, in the course of which about one- 
half of all the fish caught by a trawl net of six-inch mesh 
are under eight inches in length. There is a market for 
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this class of fish—otherwise the half-decked trawling 
vessels would hardly catch and land them. If we prevent 
the landing of plaice of less than eight inches from this 
area, we ought to expect that the fish will migrate, or will 
hibernate, until another season, when their average length 
will be some two inches more, and when they will almost 
have doubled in weight. Then they ought to be caught on 
either the same or some other ground as larger and more 
valuable fish. It is not at all likely that these small 
plaice will be caught next season on the same ground as 
_ larger plaice—it seems to us to be far more likely that the 
adoption of such a size-limit would, in the case of the 
Nelson Buoy grounds tend to reduce the average size; 
provided that our assumption that the fish remain there, 
or closer inshore, during the winter months is true. But 
the small fish may grow and migrate from these grounds 
if they are not caught: let it be supposed that they will 
erow and migrate on to the winter fishing grounds off the 
coasts of Anglesey and Carnarvon. ‘Then we shall have 
saved plaice of, say, three ounces in average weight from 
being caught by the second-class sailing trawlers in order 
that they may be caught by first-class sailing trawlers as 
fish of, say, eight to ten ounces in average weight. But this 
argument assumes that all, or a great proportion, of the 
small plaice on the Nelson Buoy grounds do grow and 
migrate, and this is obviously a hypothesis with regard to 
which we require proof. 

It is, then, considerations of such a kind as we have 
mentioned above that have, to some extent, influenced us 
in devising and carrying out these marked fish experi- 
ments. he results so far attained, and likely to be 
attained, in the continuance of the experiments, will go 
far to provide data for a rational discussion of the probable 
effects of the restrictions contemplated, and may prevent 
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the adoption of the futilities in the way of bye-laws, of 
which the past of fishery regulation affords numerous 
examples. 

The Experiments of 1913. 

Six experiments in all were made in 1913. In March 
about 100 flounders and plaice were caught by the Fleet- 
wood police cutter, and put into the tanks in the Piel 
Hatchery. Highty of these fish, 70 flounders and 10 plaice, 
were marked after they had been in the tanks for a week 


General Summary of the Experiments of 1913 and their results. 


No. of Place where the Date of No. of 
experi- fishes were experi- fishes No. % 
ment. liberated. ment. liberated. recaught. | recaught. 
I Near Piel Gas Buoy | Mar. 13, 70 flounders | 14 20 
(54°N., 3°13’W.) 1913 10 plaice 3. 33 
II. | Entrance to Barrow | April 22, | 177 plaice na 43-5 
Channel 1913 18 flounders 4 22 
(54°4’N., 3°10’W.) 
III. | Blackpool Closed June 30, | 133 plaice 17 12 
Ground. 1913 1 sole 
(53°50’N., 3°10’W.) 
IV. | Near Nelson Buoy July 17, 65 plaice 3 5 
(53°41’N., 3°15’W.) 1913 
V.. | Near Nelson Buoy Sept. 17, | 283 plaice 55 19-5 
(53°41’N., 3°15’W.) 1913 14 soles 1 0-5 
VI. | Beaumaris Bay Nov. 20, | 220 plaice 57 26 
(53°22’N., 3°58’ W.) 1913 
Total 991 231 23-3 


Experiments of 1912. Additional Records. 


No. of Recaptures No. of 
experi- already Recaptures fishes No. % 
ment. recorded, in 1913. liberated. recaught. recaught. 
i 26 3 212 29 13 
II 26 16 153 42 27 


SEA-FISHERIES LABORATORY. 245 


or so. The fish were liberated at Piel Gas Buoy. In the 
second experiment of the year the same methods were 
adopted: the fish were caught and put into the Piel tanks, 
where they were marked. ‘This lot of plaice and flounders 
were liberated in Barrow Channel about half-way between 
Piel and Walney Point, that is, they were put out on 
approximately the ground where they were caught. . 
Experiments III, IV, and V relate to the plaice found on 
the small-fish grounds about Nelson Buoy, and in them 
481 plaice and 15 soles were marked and liberated. It was 
thought desirable to deal with different lots of plaice in 
different months rather than with one much larger lot in 
one particular month: in this way it became possible to 
study the different migration paths taken at ditterent times 
in the year. Finally, Experiment VI was made in Red 
Wharf and Beaumaris Bays in November, the fish being 
caught and marked just before the winter fishery on these 
erounds had attained its full dimensions. In Experiments 
IIL to VI the fish were caught, marked and lberated on 
the 8.8. James Fletcher. 

An attempt was made to mark soles. ‘his had pre- 
viously been attempted, using the same mark as in the 
case of plaice, but the results were quite unsuccessful. 
In 1913 we got some 50 special labels made. Mach was a 
strip of thin sheet silver about 1 cm. in width and about 
2 cms. in length. At one end of this strip a little tongue 
of metal projected out, and was then turned up at right 
angles to the surface of the strip; at the other end was a 
little hole. The strip was bent on itself so that the little 
tongue fitted into the hole. Mach label was marked L1 
to L 50. It was fixed to the fish by clasping it on the free 
border of the operculum on the coloured side, squeezing 
the bent strip of silver by means of pliers until the tongue 
was forced through the opercular edge into the hole on the 
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other end of the strip. The labels were obtained towards 
the end of the season, so that it was only possible to make 
one experiment, and then only 14 soles were marked. So 
far only one of these fish has been recaught, so that it is 
impossible to say whether or not the method is likely to 
become a successful one. We may now say something 
_ about each experiment. 


Experiment I. (Chart I.) 


Seventy flounders were marked and liberated, but 


EXPERIMENT I. 1913. & 
> JO FLOUNDERS + 1OPIHICE ~: 
_~ @ RECAPTURE IN 1° QUARTER * 


Ordnance Surrey Southampton [HF 


Fig. 1. Experiment I, 1913. 
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only 14 of these were returned to us. The results are hardly 
susceptible of being made into a general theory of flounder 
migrations until further experiments on a larger scale 
have been made. So far as they and former experiments 
with flounders go, they indicate that this fish migrates 
mainly along the shallow coastal waters. Possibly the 
larger fish may migrate out to sea at the end or the 
beginning of the year, since fairly large flounders in a 
sexually ripe condition are often found on the offshore 
erounds. At any rate, the experiments must be repeated 
before we can say much. The flounder, however, is of so 
little economic importance that we have hitherto hesitated 
to spend much time on its study, so long as the more 
important plaice could be investigated. 


Experiment II. (Chart II.) 

The results of this experiment are rather remarkable, 
and they seem to us to be of some value. The number of 
plaice liberated was 177, of which 77, or over 43%, 
were recaught and returned to us, a rather large propor- 
tion, so far as most marked-fish experiments are concerned. 
Highteen flounders were also marked, and of these four 
were returned. Sixty-four of all these plaice and 
flounders were caught in stake-nets set in Barrow Channel 
and on Roosebeck Scars (just outside Barrow Channel), 
and the rest were taken by second-class trawling vessels, 
five of them being recaptured by the Fleetwood police 
cutter, which had originally caught the fish for the 
marking experiment. The fish taken in the stake nets 
were caught by two or three men at the most, fishing each 
a stake-net for a few tides during each fortnight. The 
results are shown on Chart II, but because of the small 
scale on which the chart has had to be drawn, and the 
limited area over which the recaptures have been made, 
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it has not been possible to represent accurately the posi- 
tion of each recapture. One plaice was recaptured in the 
Estuary of the Duddon, and another near Liverpool Bar. 
With these exceptions the fish recaught appear to have 


_. EXPERIMENT II 19/3 
ae Go 177 PLAICE +: 
18 FLOUNDERS 


OE ae = ee _? 


Fic. 2. Experiment IT, 1913. 


been generally distributed over the greater part of the 
fishing grounds in Barrow Channel within the range of 
stake-nets and second-class trawling vessels. The experi- 
ment was made on 22nd April, and the majority of the 
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fish were recaptured during the months of April, May, 
and June; yet, even in December of the same year, two of 
these plaice were recaught in Barrow Channel. 

Now it is perhaps as well that not too much import- 
ance should be attached to the measures of “intensity 
of fishing’ deduced from marked fish experiments. It 
has been claimed that if (say) 25.% of the fish berated in 
some particular experiment are recaught within (say) 
one year, then 25% of all the fish inhabiting the area 
fished over by the boats, among which were they that 
recaught the marked fishes, must also have been caught. 
That is, the percentage of the marked fish recaught is also 
the percentage of all the fish caught. This conclusion 
would be, generally speaking, a reliable one if all the fish 
marked and liberated survived in a healthy condition, and 
if they were evenly distributed over the area fished 
commercially. Usually this is not the case, and in so far 
as some of the fish marked are injured and do not survive, 
and all are unevenly distributed, so far does the argument 
lose its force. 

In this particular case the plaice were liberated in a 
narrow channel with such a great rise and fall of tide 
that the area covered by the sea varies enormously. The 
tidal streams are very rapid. The trawlable area, and 
that over which stake nets are set, are restricted, that is, 
only a rather small part of the navigable channel is 
trawled, and there are very few places on which stake nets 
are usually set. The fishermen do not, then, go to look 
for the fish; they do not change their fishing grounds 
as the fish are more or less abundant. ‘hey wait for the 
fish to come to their nets, so to speak. In these circum- 
stances it seems as if they really did sample a fish popula- 
tion, which moved about over the whole of the area, 
according to the tides. The fish marked were selected, 
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EXPERIMENTS IIT one IV. 
JUNE and JULY 1913. 19,8 PLAIC 
@ = RECAPTURE in JULY t2 OCT? - 

©= NOVEMBER. 

DECEMBER. 


Ordnanre Survey Southampton [UKs 


Fig. 8, Experiments III and IV, 1913. — 
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that is, only those that had lived in the Piel tanks for 
some weeks after capture were marked, and when liberated 
they were in very good condition. Altogether it would 
seem as if the results of this experiment do roughly give 
us an idea as to the extent to which the operations of about 
a dozen fishermen using stake-nets and _ second-class 
trawling vessels sampled a stationary population; that is, 
a plaice population which entered Barrow Channel at the 
beginning of 1913, which did not leave it during the 
greater part of the year, and which was not recruited from 
external regions throughout the same period. 


Experiments III] and IV. (Chart IIT.) 

These may be taken together. ‘The former was made 
in June, and the latter in July, and 17 fishes from the first 
experiment were recovered, while only three from the 
latter came back to us. ‘There are three groups of 
recoveries, (1) fish which have moved further offshore 
from the place of liberation during the months July to 
October; (2) fishes which have migrated further inshore 
during November; and (3) fish which have moved to the 
westward, toward the winter grounds off the coasts of 
Anglesey and Carnarvon during December. This latter 
group is represented by only two recaptures, and the second 
_ group by only five recaptures, but the facts are significant 
since they are similar to those of other corresponding 
experiments. 


Experiment VY. (Chart IV.) 

Quite good results were obtained from this experi- 
ment. The fishes marked and liberated were 283 plaice 
and 14 soles. Fifty-five of the former and one sole were 
returned. The sole was caught only a few days after the 
date of liberation, so that this single result does not give 
much information as to the value of the method of 
_ marking. 


R 
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Just the same three groups of recaptures were obtained 
in this as in the last experiment. (1) There are a large 
number of plaice recaught in the immediate neighbour- 
hood of Nelson Buoy, the place of liberation. The scale 


ie 
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= Ne, 
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EXPERIMENT V: SEPIEMBER'1913. 
g& 83 PLAICE + 14-SQLES~___ 
@ = RECAPIURES IN SEPT.and OCT. 


©*~-cfo.-~.. NOVEMBER ~. gpo | 
O+ (do. DECEMBER. Sy 
aD . ~© 


Fic. 4. Experiment V, 1913. 


of the chart is so small that it has been difficult to assign 
the symbol representing each of these recaptures to its 
exact position: this group of recaptures really occupies a 
rather more restricted position on the chart than has been 
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indicated. All these fish were recaught in September 
and October, months during which there is still an active 
fishery in the neighbourhood of Nelson Buoy. (2) A group 
of 16 plaice have migrated inshore during the month of 
November, and have been recaught in all the great Bays 
and Estuaries from the Dee to the Kent in Morecambe 
- Bay. (38) Seven fish have made the migration to the 
westward, to the winter fishing ground in the Red Whartf- 
Beaumaris Bays area. ‘hese are precisely the same kinds 
of migrations which were made by the recaptured fishes of 
Experiments III and IV, and by those of former years’ 
experiments in this area and at this season of year. 


Experiments I and II of 1912. (Chart V.) 


Along with the results of Experiment V of 1913 it 
will be convenient to consider those of Experiments I and 
II of 1913, since to the recaptures of 1912 have been added 
the additional ones relating to this experiment, but 
recorded in 1913. We see then the same general results 
as those of the present year, but there is the difference that 
the fish recaptured during the months July to September, 
while still moving offshore in the same general way as in 
1913, have distributed themselves more widely over the sea 
to the West from Nelson Buoy: in 1913 the shoal remained 
relatively concentrated when compared with the distribu- 
tions of former years. ‘This represents the kind of 
deviation which may be studied and correlated with the 
physical conditions of the season, when once we have 
attained a generalised knowledge of the migratory paths 
and seasons corresponding to the average conditions. In 
October the recaptures seem to indicate the inshore move- 
ment, that is, the fishes recaptured in that month have 
been found, on the whole, closer inshore than in the pre- 
vious months. Then we have the winter migrations 
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Fic. 5. Experiments I and II, 1912. 


Dates indicate the positions of recapture in 1913, symbols those of 1912. 
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proper, that is, those made in November and December, 
and we find the same division of these into the group of 
fishes which have moved into the Bays and Hstuaries, 
and those which have moved westward into Red Wharf 
Bay and adjacent regions. It is probable that when suffi- 
cient data have accumulated we shall find that the size, 
or perhaps age, of the fishes in these two groups varies, 
and that the general nature of the migrations made by 
the plaice abandoning the Nelson Buoy grounds is deter- 
mined to some extent by the age to which they have 
attained, perhaps also by their “condition.” ‘hese 
comparisons and groupings of the data have yet to be 
made and all the material exists in the card records of the 
results of the experiments. 

Adding to the results of the year of liberation those 
of the year following, we get some further information. 
The recaptures of 1913 are indicated on the chart by the 
name of a month (that of recapture), the date “’13,” and 
usually the size of the fish when it was recaptured. We 
see now that few, if any, fish migrate from the Nelson 
Buoy arex into the Red Wharf one after the end of the 
year. On the other hand, one fish had migrated to the 
sea just Hast from the North-end of the Isle of Man (the 
Bahama Bank grounds we may call this), and three have 
made the same migration during the January immediately 
following. A few fish were found during the first six 
months of the year along the Lancashire and Cheshire 
coasts, and some were found on the Nelson Buoy grounds 
themselves during the summer and autumn of the year 
following that of liberation: these were probably plaice 
that had moved into the inshore waters, and had then 
migrated out again about the beginning of the summer of 
the following year. 


Considering even these two years’ experiments alone, 
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we can give the following general scheme of movements of 
plaice in Lancashire water. (1) There are practically no 
regular migratory movements of plaice under about eight 
inches in length. These fish live, for the most part, in the 
shallow intra-territorial waters, particularly in the shal- 
lower channels. They move about irregularly, the direction 
and extent of the movements depending on the tidal 
streams; on slight temperature changes produced by tidal 
streams ebbing off the land, or flowing in from the open sea, 
or by freshets coming down from the rivers; and on the 
individual *‘ caprice”’ of the fish themselves. ‘They do 
not migrate “in search ” of food, but moving about irregu- 
larly they encounter accidentally food, such as beds of 
young mussels or other shell-fish, and having “ struck” 
the food, they remain in its locality: a shoal of plaice thus 
gradually forms. This is all that we can say about the 
movements of plaice of the smaller range of sizes. Then 
in the early spring and summer these fish begin to grow 
with the increasing temperature of the water. But the 
latter soon exceeds its mean, or perhaps late spring value 
—a value which is probably the optimal one for these 
fishes. A migration offshore, that is in such a direction 
as to compensate for the rise of temperature inshore, now 
begins, the fish endeavouring to enter water of lower 
temperature. In this way the shoals of plaice which 
form round Nelson Buoy, between here and Liverpool 
Bar, or in the channels and off the banks out from the 
Estuaries of the Dee and Mersey, are formed, and thus the 
summer fisheries in these regions become established. 
They continue until the temperature of the water falls 
below the optimal value in the late autumn, and then the 
shoals break up. The smaller fishes migrate inshore, pro- 
bably there is a range of water pressure which their 
habitats do not exceed. They hibernate to some extent 
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during the winter months by burrowing in the sand, 
being shifted possibly by the disturbance of the latter due 
to strong tidal streams during the times of the springs. 
The medium-sized fish migrate down to the westward, 
that is, into the warmer waters of Red Wharf Bay and 
its vicinity: while the largest of all may migrate to 
spawn in the neighbourhood of Bahama and the other 
Banks eastward from the Isle of Man. This is a general 
scheme which may be amended in detail by a close 
analysis of all the observations to be accumulated by a 
year or two of further work; and the deviations from 
which may be explained by irregularities in the annual 
cycles of physical changes in the sea. 


Experiment YI. (Chart VI.) 

We have finally to consider the results of the only 
winter experiment made during 1913. In November 
220 plaice were marked and liberated off Beaumaris and 
Llandudno Bays. Fifty-seven of these fishes—that is, 
26 % were recaptured before the end of the year. It will 
be seen from Chart VI that most of these plaice were 
recaught very near the place of liberation—a result which 
has always attended the experiments made in this 
locality. With the end of the year these recaptures 
usually cease, the plaice having then abandoned the North 
Wales fishing grounds. It is not quite the result which 
we wish to attain—that of the immediate recapture of the 
fish in the region of liberation, but the fishery in question 
is one which may come to an end before the end of the 
year; and the precise times at which one may carry out 
the marking operations are dependent on other circum- 
stances than one’s own judgment as to the best times. 
A large number of plaice must, therefore, be marked 
and liberated before we can say with confidence what is 
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the fate of the fish which migrate out from the Red Wharf- 
Beaumaris Bays area at the end of the year, and this 
result is attainable by the summation of successive annual 
experiments. We can depend on the conditions and 
migrations being very much the same from year to year. 


r EXPERIMENT VI. Nov. 101s 
#220 PLAICE 
* @ = RECAPTURE in NOVaodDEC. 


rAanue Suey Southampen, 909 


Fic. 6. Experiment VI, 1913. 


Slight deviations do, as we have indicated elsewhere, 
occur: for instance, the grouping of the recaptures from 
the experiment of 1913 to the North-West of Great Orme’s 
Head is not always the case. In some former experiments 
the bulk of the fish have been taken in and immed 
off Red Wharf Bay. 

Probably a considerable proportion of the larger plaice 
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which inhabit this area migrate round Anglesey to the 
southern part of St. George’s Channel, while others go to 
the North towards the Bahama Bank area. What is the 
proportion of fish taking part in these movements has 
still to be ascertained by further experiments and the 
collating of all the results. 


In the tables which follow we have arranged the data 
just as in former years. In addition to the particulars 
published, the sex, weight, age, and phase of maturity 
of the fishes returned have been determined, and are 
recorded on the cards giving the history of each particular 
fish. These data have hardly at all been considered so 
far: obviously some general ideas as to the possible use 
of the material must be attained before the labour of a 
detailed analysis of all the data is undertaken. 

The methods of recapture of the fishes are given in 
the last column :—“ SN ” means stake-net, “‘1T',” first-class 
trawler, “2T,’ second-class trawler, ‘ST,’ steam 
trawler, “GN” and “FN,” mean gill-net and flounder- 
net, methods of fishing practised in Luce Bay. A few 
recaptures denoted by “PC” were made by the Fleet- 
wood Police Cutter trawling in Barrow Channel. This 
year, for the first time, the S.S. “James Fletcher”’ 
recaptured a plaice which had originally been liberated 
from that vessel. 
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REPORT ON HYDROGRAPHIC OBSERVATIONS 
MADE IN THE IRISH SEA DURING 1913, 
WITH A NOTE ON THE POSITION OF THE 
ISOTHERMS IN THE NORTH ATLANTIC 
DURING 1907-1913. 


By Henry Bassett, Jun., D.Sc., 


Professor of Chemistry, University College, Reading. 
(With three Charts.) | 


During the past year hydrographic observations have 
been made at the 24 Stations, the positions of which are 
indicated on the chart on page 191. Monthly observa- 
tions have been made at Stations 1 to 7, which are regarded 
as the most important, while observations at the remaining 


quarterly ”’ cruises 


(<9 


Stations have only been made on the 
in February, May, August, and November. Bottom, 
intermediate, and surface observations were made at 
Stations 5, 6, and 7; elsewhere only surface observations 
were made. The weather during the cruises has been 
invariably bad, and on one or two occasions several 
Stations have had to be omitted. 

The salinities at the several Stations during 1913 
‘show some noteworthy features. In the first place the 
water samples obtained from the three deep Stations 
(5, 6, and 7) have been remarkably similar to those 
obtained in 1912. Not only were the salinities unusually 
high at these Stations in both years, but the actual 
monthly values were, in most cases, nearly identical. 
The temperatures at these three stations have shown rather 
greater differences, having been somewhat lower during 
the summer months of 1913, but otherwise higher than | 
during the corresponding months of 1912. 

When we consider the Stations in the shallower water 
to the North of the line, Calf of Man-Holyhead, we find a 
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rather different state of affairs. In the great majority of 
cases the water was considerably salter during 1913 than 
during 1912, while at the same time there was generally 
a greater difference between the maximum and minimum 
salinity at any one Station. 

The water in our area of the Irish Sea was found to 
be astonishingly uniform and of relatively high salinity 
during the November* cruise of 1913. The salinity at 
all the Stations (with the two exceptions of Stations 1 and 
24) was found to be over 34 °/,,—at 18 Stations being 
34°2 °/,, Or over. 

On the whole it would seem that the “ Drift” through 
our area in 1913 (and the salinity changes thereby pro- 
duced) bore more resemblance to that of 1912 than of any 
other year since we started observations in 1906. That 
this would probably be the case was foreseen in last year’s 
report. It was also suggested that, in view of the close 
connection which appeared to exist between the hydro- 
graphic conditions in the Irish Sea and the weather, we 
should experience another bad summer in 1918, similar 
to that of 1912. This expectation was not fulfilled, for 
the summer months were unusually dry, instead of wet. 
At the same time, however, it was not what many people 
consider very fine weather owing to its coolness and lack 
of sunshine. The prevalence of northerly and easterly 
winds was remarkable. 

It is possible that this lack of agreement between — 
anticipation and result may indicate the complete break- 
down of the connection between hydrographic conditions 
in the Irish Sea and the weather which I have tried to 
trace during the past six years. J am loth to believe this, 
however, and think it more probable that there is some 
further factor which is not yet understood. What this 


* Actually October 27—-November 1. 
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may be, time will have to show. Certain it is that there 
was something peculiar about the conditions in the Irish 
Sea during 1913, for although the salinities gave no 
indications of any southward flow of the water, yet, of a 
number of carefully-weighted drift bottles liberated 
between Dublin and Holyhead in June, a certain propor- 
tion was washed up on the shores of Cardigan Bay, and the 
Kast coast of Ireland in August, September, and October. 
It seems possible to explain this by supposing that the 
north-easterly winds then prevailing had transferred 
merely a thin surface layer of water to the South (and 
with it the bottles), while the main body of water was all 
the time slowly travelling northward. The number of 
bottles found is, however, rather too small to allow us to 
make any really trustworthy deductions from this experi- 
ment. As regards the salinity changes in progress at the 
time of writing, I will merely state that it looks as though 
the maximum salinity (34°40 °/,, at Station 6) for the 
present season has already been passed in December last. 
This is what happened before the magnificent summer 


or 1911. 


January 7 to 8, 1913. 


Stations I. to IV., 7/1/13. Surface observations only. 


Station. Time. Deg 7 Pe i at He oo 
I. 54°N. ; 3°30’ W. 12.50 p.m.| 7-2 | 18-27 | 33-01 | 25-84 
TI. 54°N.; 3°47'W. 1.50 p.m. 7:8 | 18-71 | 33-82 | 26-30 
TI]. 54°N.; 4°4’°W. 3.30 p.m.| 8-6 | 18-98 | 34:29 | 26-64 
IV. 54°N.; 4°20'W. 4.55 p.m.| 8-7 | 19-00 | 34:33 | 26-66 
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Station V., 53° 53’ N.; 4° 46’ W. 8/1/13 (10.45 a.m.) 


Depth (metres) | T° Cl°/.., Soy, ot 
0 9-05 18-98 3429 | 26-57 
30 he Ge 18-96 34-25 26-55 
68 9-0 18-96 34-95 26-55 


Station VI., 53° 43’ N.; 4°44’ W. 8/1/13 (12 noon). 


Depth (metres) any Cleies Tae Ot 
0 9-1 19-03 34-38 26-64 
30 9-1 19-02 34:36 26-62 
70 9-0 


‘05 19-02 34-36 26-63 


Station VII., 53° 33’ N.; 4°41’ W. 8/1/13 (1.15 p.m.) 


Depth (metres) Ts Clee. See Ct 
0 8-8 18-99 34:31 26-63 
30 8-8 18-99 34:31 | 26-63 
63 8-8 18-99 34:31 26-63 


February 4 to 8, 1913. 


Stations I. to XXIVA. Surface observations only. Owing 
to the very bad weather experienced during this cruise, only 
surface samples could be collected at Stations V., VI., and VII., 
while Stations XV. and XVI. were omitted altogether Stations 
XXITA., XXIJITA., and XXIVA. were on a line from Maughold 
Head to Piel Gas Buoy. and thus do not quite coincide with 
Stations XXII., XXIII., and XXIV. 
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Date and Time. ae 


Station. Cl°/o0 S°/o0 ot 
a.m, ‘a 

if 54°N. ; 3°30’W. ey 9,45 5:4 18-08 32-66 25-80 

LE oA N. 5 3°47’ W. 4.2.13 10.50 6:6 18-79 33°96 26-68 
pid ale 

III. 54°N. ; 4°4’W. AZ es 1.20 7-4 18-97 34:31 26:84 

TV. 54°N. ; 4°20’W. AAS 2.40 7:7 19-02 34-36 26-84 
a.m. 

¥, 53°53/N. ; 4°46’W. Siaeibes 9.0 8-0 19-11 34-52 26:92 

Vi. 53°43/N. ; 4°44’W: ele lcs LOANS 8-2 19-13 34:56 26:92 

VIL. HepaoeN, « 4.41’ W. Oeaale 11.20 7:5 18-91 34:16 26:71 
Biddy. 

VIII. 5so27 N. ; 4°5'W. PALS» 1.40 7-4 18-92 34:18 26:74 
a.m. 

10.@ eet Nos 3 ol’ W. Gi2.43 8.15 7-1 18-93 34-20 26-79 

», eco? No: 3 45 W. 6.2.13 9.15 7-2 18-98 34-29 26°85 

Ki; ba 43 N. ; 3°58’W. Geos. TOO 7:5 19-01 34-34 26-84 

XII. » 63°48°N, = 4°12’W. 6.2.13 hie 7:8 19-05 34-45 26-89 
noon 

XIII 5a °DA'N. ; 4°27'W. 6.2.13 12.0 7:9 19:03 34°38 26:82 
p.m. 

XIV. MAed2 Ns 4°37 W. eos We’ 1.30 79 19-00 34°33 26-78 

XVII 54°34’N. ; 4°12’W. eee 1s 6-2 18-45 33°33 26-23 
a.m, 

XVIII Bt oe N, 5 -3°55 W. F238 Lb 58 18-25 32:97 26-00 

8 b.@ 54°29’N. ; 3°43’W. eZee 10.5 58 18:05 32-61 25°77 

2.@.@ -54°24’/N. s 3°57’ W. ecole 9.10 5:7 18-27 33-01 26-04 

| X XI. 54°20’N. ; 4°13’W. Tepes 8.10 6:9 18-86 34:07 26°72 

1 a.m, 

XXITA. 54°14’N.; 4°W. 8.2.13 7.45 7:3 19-01 34:34 26 88 
XXIITA. 54°9’N. ; 3°43’W. Sask 8.45 6-7 18-86 34:07 26-75 
XXIVA. 54°5’N. ; 3°28’W. 8.2.13 9.40 4-9 I Ny fer45: 31-13 24:65 

March 4 to 5 1913. 
Stations I. to IV., 4/3/13. Surface observations only. 
Station. Time. Dee i SN il Og Wi 
L. 54°N.; 3°30'W. 11.5 am. 5-5 | 18-02 | 32-56 | 25-71 
rl. 54°N.; 3°47'W. 12.15 p.m 6-6 | 18-82 | 34:00 | 26-71 
II. 54°N.; 4°4'W. | 1.15pm] 6-9 | 18-95 | 34-23 | 26-85 
IV. 54°N.; 4°20'W. 2.10 p.m 7-6 | 19-01 | 34:34 | 26°84 
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Station V., 53° 53’ N.; 4° 46’ W. 5/3/13 (10.50 a.m.) 


Depth (metres) Te Olive Sas Ot 
0 7:6 19-13 34-56 27-01 
30 7-55 19-10 34-51 26-97 
56 7-6 19-10 34-51 26-97 


Station VI., 53° 43’ N.; 4° 44’ W. 5/3/13 (12 noon.) 


Depth (metres) Ee Ck g° a Ct 
0 15 19-07 34-45 26:93 
30 T5 alo 07 34-45 26-93 
64 75 19-06 34-43 26-92 


Station VII., 53° 33’ N.; 4° 41’ W. 5/3/13 (1.10 p.m.) 


Depth (metres) igs Claies Sai Or 
0 TA 19:07 34-45 26-95 
30 TA 19-06. 34-43 26-94 
54 TA 19-08 34:47 26-97 


April 2, 1913. 


Stations I. to IV. Surface observations only. 


Station. Time. T° | Cl) 56 |S %fean eee 
I. 54°N.; 3°30’W. | 10.0 am. 6-4 | 18-48 | 33-39 | 26-25 
Il. 54°N.; 3°47’W. | 10.55 a.m.| 6-5 | 18-78 | 33-93 | 26-66 
Tl. 54°N.:; 4°4’W. | 11.50a.m| 6-9 | 18-99 | 34-31 | 26-91 
IV. 54°N.; 4°20’'W. | 12.45 p.m. 7-2 | 18-98 | 34-29 | 26-85 
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Station V., 53° 53’ N.; 4° 46’ W. 2/4/13 (2.5 p.m.) 


Depth (metres) Te Claiet oy ees Ct 
0 T5 19-07 34-45 26-93 
30 7:3 19-07 34-45 26-96 
1 7-25 19-07 34:45 26-97 


Station VI., 53° 43’ N.; 4° 44’ W. 2/4/13 (3.15 p.m.) 


Depth (metres) fs Clee Sien on 
0 T5 19-09 34-49 26-96 
30 73 19-09 34-49 26-99 
58 (5) 10k 34-52 27-02 


Depth (metres) ie Cle Sit Pes Ot 
0 TA 19-08 34:47 26-97 
30 73 19-11 34:52 27-02 
66 7:3 19-17 34-63 27-10 


May 5 to 8, 1913. 


Stations I. to IV., 5/5/13. Surface observations only. 


Station. Time. Dr aCleeeee poy Wk, Oe 


| 


18-14 | 32-77 | 25-38 
18-83 | 34:02 | 26-34 
34-23 | 26-47 
19-05 | 34-42 | 26-80 


| 


I. 54°N.; 3°30'W. | 12.45 p.m. 
TI. 54°N.; 3°47’W. 1.45 p.m. 
III. 54°N.; 4°4’W. 4.50 p.m. 

54°N. ; 4°20'W. 6.5 p.m. 


ed 
lt Se 
— 
(o 2) 
te) 
Or 


—— ee St—t‘( 
_ 
= 
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Station V., 53° 53’ N.; 4° 46’ W. 6/5/13 (8.15 a.m.) 


SoS Ss EE 


Depth (metres) aS, 
0 8-2 

30 8-1 

60 8-2 


| 


Station VI , 53° 43’ N.; 4° 44’ W. 6/5/18 (9.25 a.m.) 


Depth (metres) be OES 
0 8-35 oot 

30 8-3 19-12 

66 8:3 19-12 


34-52 


fe} 
8/00 


34-54 
34-54 


—— 


Ot 


26-87 
26-89 
26°89 


Station VII., 53° 33’ N.; 4° 41’ W. 6/5/13 (10.35 a.m.) 


Depth (metres) 


—_—__— 


0 
30 
56 


Stations VIII. to XXIV. Surface observations only. 


— a a a 


Station. - 
Vill 53°27'N. ; 
IX, Hysol Nees 
xe ane 1 Nes 
XI. 53°43/N. ; 
XII. 53°48’N., ; 
XIII 538°54'N. ; 
XIV. 54°32/N. ; 
XV. 54°37'N. ; 
xAVili: 54°35N. ; 
SNA 54°34/N. ; 
MVIT. 54°32'N.; 
XIX. 54°29’N. ; 
0. @.@ 54°24’/N. ; 
XXI. 54°20’N. ; 
XXII BSA°LD/N. ; 
XXIII. 54°10’N.: 
XXIV 


pe 
8-5 
8-4 
8-4 


3°31’W. 
3°45'°W. 
3°58’W. 
4°12.W. 
4°27’ W. 


5 4°37'°W. 


4°45’'W. 
4°27'W. 
4°12’W. 


5 38°55’W. 


3°43’W. 
3°57’ W. 
4°13’W. 
3°57 W. 


3°42’W. 


54°5’/N. ; 3°27’W. 


C100 


19-05 
19-06 


Date and Time. 


=—— ee 
QO Go Go Oo tO 
Or 
Or 
C=) 


on 


Colo OO tp tet a It) S) Se) SS Ss > 
—— ee 


OS. OUTS Sr Sr Svar ou | Sue ou Sto 


Oo Oo Qo Go GO CO Go Go OO Go OO 
— 
— 
— 
Ou 


a 


19-06 


ine 


Q@000  COO~10H HMO MO BWWO1IH 
CSO phat COFeEPK COMOMND So 


Soo 


34-43 
34-42 
34-43 


19-02 | 
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June 2 to 3, 1913. 
Stations I. to IV., 2/6/13. Surface observations only. 
Station. Time. PEC aise fe | o% 
i's BAN. ; 3°30'W. | 12.45 p.m 11-8 | 18-25 | 32-97 | 25-07 
AT: BAN. ; 3°47'W. 3.40 p.m. 10-6 | 18-64 | 33-68 | 25-84 
III. 54°N.; 4°4’W. 4.40 p.m.| 10-0 | 18-97 | 34-27 | 26-41 
Ver, 54°N:; 4°20'W. 5.40 p.m.) 9-9 | 19-13 | 34-56 | 26°64 
Station V., 53° 53’ N.; 4° 46’ W. 3/6/13 (9.55 a.m.) 
Depth (metres) iN Cle aa fae ot 
0 10-25 1-10 34:51 26-54 
30 9-85 19-11 34-52 26-62 
74 0-75 19-10 34-51 26-61 
Station VI., 53° 43’ N.; 4°44’ W. 3/6/13 (11.5 a.m.) 
Depth (metres) di Oh ae Satie om 
0 10-25 19-07 34-45 26-50 
30 es] 19-06 34-43 26-55 
70 9-95 19-07 34:45 26-54 
Station VIT., 53° 33’ N.; 4° 41’ W. 3/6/13 (12.10 p.m.) 
Depth (metres) fs 8) keg pe S°/ 5: | ot 
0 10-8 19-01 34°34 26:32 
30 10-3 19-01 34-34 26-41 
62 10-4 34-36 26-40 
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July 1, 1943. 


Stations I. to IV. Surface observations only. 


Te. 
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Shy ie 


33°22 
33°22 
33°66 
34-22 


Station. Time. Cee 
I. 54°N.: 3°30’'W. | 9.5 am] 13-65] 18-39 | 
Il. DANES rac We 10.0 am.) 14:3 | 18-39 | 
i 54S Ne ere 10.55 a.m.) 14-2 | 18-63 
IV. 54°N. 4°20’ W. 11.55 a.m.} 13-6 | 18-94 
Station V., 53° 53’ N.; 4° 46’ W. 2.45 p.m. 
Depth (metres) eft Olle Swe 
0 12-1 19-00 34-33 
30 11-63 19-02 34°36 
64 11-43 19-03 34-38 
Station VI., 53° 43’ N.; 4° 44° W. 4 p-m. 
Depth (metres) Le Clee. Sees 
0 11-9 19-04 34-40 
30 11-38 19-03 34:38 
63 11-38 19-02 34:36 
Station VIT., 53° 33’ N.; 4° 41’ W. 5 p.m. 
Depth (metres) le Clos Sse 
TG 12-2 19-00 34-33 
30 11:75 19-00 O48 
60 34°34 


| 19-01 
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July 28 to 31, 1943. 


Stations I. to IV., 28/7/18. Surface observations only. 


Station. Time. a RClR Ee Sef 


[.  54°N.; 3°30’W. | 12.50 p.m 15-4 | 18-57 | 33-55 | 24-79 
Il.  54°N.; 3°47’W. | 3.5 p.m] 15-4 | 18-65! 33-69 | 24-90 
Tl. 54°N.; 4°4’W. 4.5 p.m. 15-7 | 18-70) 33-78 | 24-91 
IV. 54°N.; 4°20'W. | 5.10pm] 16-4 | 18-88 | 34-11 | 25-00 


Station V., 53° 53’ N.; 4° 46’ W. 29/7/13 (8.40 a.m.) 


Depth (metres) iy Cis Si) /a5 ot 
0 12-75 19-04 34-40 26-00 
30 12-35 19-04 34-40 26-08 
92° 11-95 19-04 34-40 26-14 


Depth (metres) Ae Cl°/60 Be isa | ot 
0 12:9 19-04 | 3440 | 25-97 
30 12-6 19-04. 34-40 | 26:03 
60 12-6 19-04 34-40 | 26-03 


Station VII., 53° 33’ N.; 4° 41’ W. 29/7/13 (10.50 a.m.) 


Depth (metres) ha Oe. Spe ot 
0 13-7 19-03 34:38 25:79 
30 13-3 19-03 34-38 25:87 
63 13:3 19-03 34-38 25-87 
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Stations VIIT. to XXIV. Surface observations only. 


Station. Date and Time, | T° CI ss Sian 


Vib: 53°27'N. 3 4°5°W. | 29.7.18 1.25 | 150 18-85 34:05 25-26 


IDS ba ol N. 3 3calk We 2 9n7.13 3.15 | 16-8 18-32 33-10 24-12 
X. 53°37'N. ; 3°45°W. | 29,7.13 4.15 | 16-6 18-51 33°44 24-43 
XI. §3°43’N. ; 3°58’W. | 29.7.13 5.15 | 16-4 18-64 33-68 24-66 


XIL 53°48'N. : 
XTIL 58°54/N.; 4°27’W.| 29.713 7.10 | 146 | 19.02 | 34:36 | 25-58 


XIV. 54°32’N, ; 4°37’W. | 30.7.13 3.50 | 13-9 18-94 34:22 25-62 
DOVE 54°37'N, ; 4°45’W. | 30.7.13 3.5 14:3 18-92 34-18 25-51 
XVI. 54°35'N. ; 4°27’°W. | 30.7.13 2.15 | 14-2 18-87 34-09 25-46 
XVII. 54°34’N, ; 4°12’W. | 30.7.13 1.25 | 15-6 18-87 34:09 25-16 
XVIII. 54°32’N.; 3°55’W. | 30.7.13 12.30 | 16-2 18-62 33°64 24-68 
a.m, 
XTX. 54°29/N. ; 3°43’W. | 30.7.13 10.0 16-2 18-62 33°64 24-68 
XX; 54°24’N, ; 3°57’W. | 30.7.13 9.0 15:7 18-68 33°75 24-86 
XXII. 54°20’N. ; 4°13’W. | 30.7.13 8.0 14-2 18-88 34-11 25-48 
XXII. 54°15‘N. ; 3°57°W. | 31.7.13 5.30 | 15-4 18-70 33°78 24:97 
XXIII. 54°10’N. ; 3°42’W. | 31.7.13 6.25 | 15-1 18377 33°91 25-16 
XXIV. 54°S’N.; 3°27°W. | 31.7.13 7.25 | 15:3 18-61 33°62 24-87 


September 8 to 9, 1913. 
Stations I. to IV., 8/9/13. Surface observations only. 


Station. Time. TY. CP) o0| 8S feoaaee 


Ip 54°N.; 3°30'W. 4.35 p.m. 15-4 | 18-78 | 33-93 | 25-07 
II. B4°N. ; 3°47 W. 6.40 p.m.) 15-1 | 18-82 | 34-00 | 25-20 
TIT. 54°N.; 4°4’°W. 7.40 p.m.| 15:0 | 18-87 | 34-09 | 25-29 
IV. 54°N.; 4°20'W. 8.40 p.m.) 14-5 | 18-97 | 34-27 | 25-54 


Station V., 53° 53’ N.; 4° 46’ W. 9/9/13 (9.35 a.m.) 


Depth (metres) ds LC) bay ae Shea or 
0 13-8 18-99 34-31 25-72 
30 13-45 19-00 34-33 25-80 


67 13-5 ) 19-00 34-33 25-79 
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Station VI., 53° 43’ N.; 4° 44’ W. 9/9/13 (10.45 a.m.) 


Depth (metres) de Cl°/,5 Sines ot 
0) 15°65. | 19-01 34°34 25:17 
30 13-4 19-00 34-33 25-81 
69 - 13-5 19-00 34:33 25-79 


Station VIL., 53° 33’ N.; 4° 41’ W. 9/9/13 (12 noon). 


Depth (metres) IES Olly ee Syae ot 
0 ee wad: 9 18-99 34-31 25-63 
30 13-7 19-01 34-34 25-76 
96 13-95 19-01 34-34 95-71 


October 7 to 8, 1913. 


Stations I. to IV., 7/10/13. Surface observations only. 


Station. Time. TAC CISA eR ete. 


IB BAN. ; 3°30'W. 8.5 a.m.| 14-2 | 18-86 | 34-07 | 25-45 
Il. 54°N.; 3°47’'W. 9.10 a.m.| 14-2 | 18-88} 34-11 | 25-48 
III]. 54°N.; 4°4’W. 10.15 a.m.) 13-65 | 18-98 | 34-29 | 25-73 
IV. 54°N.; 4°20°W. | 11.20 a.m.) 13-5 | 18-98 | 34-29 | 25-76 


we we vee 


Station V., 53° 53’ N.; 4° 46’ W. 8/10/13 (8.30 a.m.) 


Depth metres) ls he 97 os ot 
0 13-5 18-96 34-25 25:73 
30 13-3 18-96 34:25 25:77 


80 13-4 18-95 34-23 25-74 
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Station VI., 53° 43’ N.; 4° 44’ W. 8/10/13 (9.40 a.m.) 


Depth (metres) ae 


0 
30 
5D 


13-6 
13-5 
13-6 


CP /o0 


18-98 
18-98 
18-98 


Ee 


34-29 
34:29 
34-29 


Station VIT., 53° 33’ N.; 4° 41’ W. 8/10/13 (10.50 a.m.) 


Depth (metres) dl 


0 
30 
57 


14-25 
14-1 
14-2 


October 27 to November 1, 1913. 
Stations I. to IV., 27/10/13. Surface observations only. 


Station. 
I. 54°N.; 3°30'W. 
Il. 54°N.; 3°47'W. 
III. 54°N.; 4°4’W. 
IV; 54°N.;°4°20'W: 


12.45 p.m. 


Time. 


1.50 p.m. 
4.5 p.m. 
5.15 p.m. 


fies 


12-2 
12-9 
13-0 
12-7 


Clee Sti Ot 


18-63 
18-89 
18-97 
18-97 


33°66 | 25-53 
34-13 | 25-75 ~ 
34:27 | 25-85 
34:27 | 25-91 


Station V., 53° 53’ N.; 4° 46’ W. 28/10/13 (9.45 a.m.) 


Depth (metres) 


0 
30 
60 


5 
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Station VI., 53° 43’ N.; 4° 44’ W. 28/10/13 (11 a.m.) 


Depth (metres) ave Clean Drie Ct 
0 13-45 19-01 34:34 25°81 
30 13-2 18-99 34°31 25-84 
60 13-2 18-99 34:31 25-84 


Station VII., 53° 33’ N.; 4° 41’ W. 28/10/13 (12.15 p.m.) 


Depth (metres) le Cl°/56 Siilse Ct 
0 13:7 18-99 34:31 25:73 
30 13-6 18-99 34:31 25:75 
65 13-4 18-99 34-31 25-79 


Stations VIII. to XXIV. Surface observations only. 


Station. Date and Time, | T° Clea Secs Ot 

p.m. 

VILL, 53°27'N. ; 4°5’W. | 28.10.13 3.45 | 13-2 18-90 34:14 | 25-71 
a.m, 

IX, 53°31‘N. ; 3°31/W. | 29.10.13 9.15 | 13-1 18-83 34:02 25:64 

b0 53°37'N. ; 3°45’W, | 29.10.13 10.20 | 13-15] 18-96 34:25 | 25-80 

XI. 53°43’N. ; 3°58’W. | 29.10.13 11.20 | 13-2 18-98 34:29 | 25-82 
p.m. 

XII. 53°48’N. ; 4°12’W. | 29.10.13 12.15. | 13-2 18-99 34:31 25:84 

XIII. 53°54°/N. ; 4°27’W. | 29.10.13 1.15 | 12-95) 18-97 34:27 25:86 
a.m, 

XIV. 54°32’N. ; 4°37’°W. | 30.10.13 9.30 | 12-4 18-99 34°31 25-99 

XV. 54°37'N. ; 4°45’W. | 30.10.13 10.25 | 12-5 18-94 34:22 25-90 

XVI. 54°35'N. ; 4°27’W. | 31.10.13 8.50 | 12-6 18-93 34-20 25:87 

XVII. 54°34’N.; 4°12’W. | 31.10.13 9.50 | 12-5 18-94 34-22 25-90 

XVIII. 54°32’N.; 3°55’W. | 31.10.13 10.45 | 12-6 18-93 34:20 25:87 

XIX. 54°29'N. ; 3°43’W. | 31.10.13 11.15 | 12-7 18-93 34-20 25:85 
p.m. 

XX, 54°24’N. ; 3°57’W. | 31.10.13 12.20 | 12-4 18-94 34-22 25-92 

». O48 54°20’N. ; 4°13’W. | 31.10.13 1.0 12-6 18-97 34:27 25-93 

a.m, 

MXIT. 54°15’N.; 3°57’°W.| 1.11.18 7.25 | 12-4 18-95 | 34-23 25-94 

met, 54°10'N. ; 3°42’W.; 1.11.13 8.25 | 12-6 18:89 | 34-13 25-82 

XXIV. 64°5’N.; 3°27’W. WLS. 9.208) bi:9 18:57 | 33:55 25°51 


296 


December 2 to 5, 1913. 
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Stations I. to IV., 2/12/13. Surface observations only. 


Station. 
[. AONE: 330 We 
II. HASING roma 
Deo SING 4 oaWe 
Vea o4oNE 4-20 We 


11.45 a.m. 


Time. ibe 


9-3 
10-0 
10-2 
10-8 


1OPp: mar 
2.15 p.m. 
3.25 p.m. 


Clas Ses ! Ge 


18-50 
18-83 
18-88 
19-00 


33°42 
34-02 
34-11 
34:33 


25:86 
26-21 
26-24 
26-30 


Station V., 538° 53’ N.; 4° 46’ W. 5/12/13 (9.40 a.m.) 


Depth (metres) 


CP /00 


18-95 
18-93 
18-94 


3/38 Ot 

34:23 26:23 
34-20 26:28 
34-22 26:21 


Station VI., 53° 43’ N.; 4° 44’ W. 5/12/13 (10.50 a.m.) 


Depth (metres) . 


0 
30 
52 


Te 


CP /00 


19:04 | 
19-04 
19-03 


Si eo Ot 

34:40 26-29 
34:40 26-36 
34:38 26:35 


Station VII., 53° 33’ N.; 4° 41’ W. 5/12/13 (12.5 p.m.) 


Depth (metres) 


0 
30 
60 


i Mee 


CP / 00 


18-96 
18-97 
18-96 
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Tuer PostItTIon oF THE ISOTHERMS IN THE Nortu ATLANTIC 
puRING 1907-1913. 


The view has frequently been expressed in these 
Reports that the movements of water in the Irish Sea, as 
indicated by the salinity changes, serve as an index to the 
seasonal changes in the North Atlantic. The detailed 
observations of salinities in the open ocean necessary to 
test the correctness of this view are not at present avail- 
able, but it seemed possible that some help could be 
obtained from the numerous temperature observations 
which are constantly being made and summarised week 
by week, in the form of isotherms of sea temperature, 
and published on the Pilot Charts issued monthly by the 
Meteorological Office. It is probable that the relative 
position of these isotherms is to some extent dependent 
upon the relative position of the warm salt water of 
southern origin. 

It is not easy, however, to get a comprehensive view 
of a large number of these isotherms, and recourse had to 
be had to a graphical method of summarising them. 

The first method tried was that of making a diagram 
for meridian 20° W. and meridian 50° W., in which the 
positions of the isotherms for 50° and 60° were plotted in 
a co-ordinate system, in which the abscissae were weeks, 
and the ordinates the distances of the isotherms North of 
Latitude 30°. These distances were obtained by direct 
measurement from the charts. As the scale of the maps 
on the earlier charts was different from that on the charts — 
as issued at present, they were reduced by a graphical 
method to the scale of the charts as at present published 
before being entered on the diagram. 

In this way a curve was obtained for each isotherm for 
each year, each being drawn in ink of a different colour. 
Even then, however, although there were often consider- 
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able differences in the curves, the diagram was too crowded 
for this method of treatment to be satisfactory. The 
curves for two years are shown on the annexed diagram 
to illustrate the results obtained by the method. All the 
other curves were of a similar character, and show that the 
isotherms are farthest to the North about July or August, 
and farthest South about the end of April, although in 
the case of meridian 50 their position changes very little 
from the beginning of January to the beginning of June. 
Another noticeable feature is that there are very marked 
changes in the positions of the isotherms from week to 
week, changes which are so great that it is hardly possible 
to ascribe them to corresponding changes in salinity. 
This makes it seem very doubtful whether any safe con- 
clusions can be drawn with regard to the position of the 
salter southern water from these observations of surface 
temperatures. The temperature at some moderate depth 
below the surface would probably be free from these 
sudden fluctuations, and might furnish the desired 
information. 

Another method of graphical representation has also 
been tried, which, on the whole, gives a better idea of the 
changes being studied. Separate diagrams have been 
drawn for each month, in which the positions of the 
isotherms in the middle of the month have been plotted as 
ordinates against years plotted as abscissae. Hach curve, 
therefore, represents the change in the position of an 
isotherm at corresponding times over a period of years. 

The curves obtained are shown in the diagrams, but 
it is not easy to make much of them. All that can be 
safely said is that there is no apparent correspondence 
between them and the salinity changes which have been 
observed in our area of the Irish Sea over the same term 
of years. 
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THE PLANKTON ON THE WEST COAST OF 
SCOTLAND IN RELATION T0, THA Ge 
THE IRISH SHA.—Parr IV. 


By W. A. Herpman, F.R.S., anp Wma. Rippett, M.A. 


We have now completed seven years (1907-1918 
inclusive) observations on the summer plankton in the 
seas to the West of Scotland; and, as the British Associa- 
tion meeting in Australia in 1914 renders it impracticable 
to carry on work from the “Runa” in the coming summer, 
this seems a fitting opportunity to close this series of 
observations, and draw such conclusions as we can. 

In our first Part* we dealt with the work carried on 
during the first four summers (1907-1910 inclusive), and 
showed : — 

1. That a considerable difference existed between 
the summer plankton in Hebridean Seas and 
that of the Irish Sea at the.same time. 

2. That the phyto-plankton, which had disappeared 
from the Irish Sea by July, was still present in 
some parts of the Hebrides. 

3. That some localities, in the Hebrides, not far 
apart, differ very considerably in the nature of 
their plankton at the same time of year. 

4. That there is a constancy year after year in the 
nature of the plankton at some localities at corres- 
ponding times. i 

In that report we gave evidence to show that “ off the 
north-west coast of Scotland, at one time of year (July) 
in several successive seasons, the plankton, as sampled by 
vertical hauls, was of different types (zoo- or phyto- 


* This Report for 1910, p. 60. 
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plankton and neritic or oceanic) in different localities, but 
preserved a fairly constant character in each.” 

In our second Part, dealing with the observations 
made from the “Runa” in the summer of 1911, it was 
shown that in some localities, such as the north end of the 
Sound of Mull and the sea around the Small Isles, the 
phyto-plankton formerly: present was replaced by zoo- 
plankton, and that the species were more oceanic in type. 
It was found, however, that still further North, off the 
north coast of Scotland, and in the Shetland Isles, the 
phyto-plankton still prevailed even as late as the middle of 
August. The facts put forward then still seemed to support 
the view that the most probable explanation of the greater 
number of Diatoms in the Scottish Seas in summer is 
that the phyto-plankton remains longer and passes off more 
slowly as one goes further North. 

Our third Part, published in last year’s report, dealt 
with the observations made from the yacht in the summer 
of 1912, and again showed, as in 1911, a zoo-plankton 
with strongly-marked oceanic elements around the North 
of Mull, where, in 1909 and 1910, we had a more neritic 
phyto-plankton. During this summer (August, 1912), 
the Atlantic water carried such oceanic organisms as 
Doliolum tritonis and Cupulita sarst as far in as the 
channel between Mull and Ardnamurchan. Some phyto- 
plankton was, however, found in August, in the outer 
Hebrides and in the Sound of Mull. We attributed the 
greater prevalence of zoo-plankton in part to the fact that 
in 1912 our observations commenced a month later than in 
the previous summers, and in part to an unusual influx of 
Atlantic water, of which there seemed to be abundant 
evidence.* 

We may remark at once that our observations this year 


* See last Report, p. 188. 


302 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


(1918), as will be shown in detail below, agree rather with 
those ‘of the last two years than of the preceding period 
(1907-1910). 


Cruise oF 19138. 


On the 8.Y. “ Runa’’ we left Port Erin, Isle of Man, in 
the night of July 9th, arrived in Lowlandman’s Bay, Jura, 
in the afternoon of July 10th, and after visiting Oronsay, 
reached Oban in the evening of July 11th; took Mr. A. O. 
Walker and Professor R. Newstead on board, and after 
dredging off Lismore and in the Sound of Mull, reached 
Tobermory at 5 p.m., on July 12th, where we found 
mackerel fishing in the bay, and Calanus in great abund- 
ance in the plankton nets (see below). 

On July 14th, we were dredging and taking slaaieees 
hauls off Ardnamurchan, on July 15th, the same up 
Loch Sunart, and on July i6th, the same again 
in the Sound of Mull. On July 17th, took in coal and 
water, and new dredge made by ‘blacksmith; left 
Mr. Walker at Tobermory, and sailed in afternoon for 
West of Mull—thick fog round Treshnish Isles and Loch 
Tuadh; anchored in Soriby Bay, Ulva. On July 18th, 
explored several of the Treshnish Isles, and reached the 
Sound of Iona in the evening. July 19th, working round 
Staffa—large haul of Calanus—returned to Sound of Iona 
for Sunday. 

On July 21st, left Iona for Loch Scridain—large 
haul of Calanus—landed at Bunessan, Mull, in evening. 
July 22nd, occupied on shore exploring Eocene Leaf-bed 
at Ardtun. -July 28rd, Bunessan to Gott Bay, 
Tiree; and July 24th, dredging and plankton fishing 
between Tiree and Treshnish Isles, then landed on Hyskeir 
and arrived at Canna in evening. July 25th, dredging, &c., 
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between Canna and Rum and around Muck Island ; 
arrived Tobermory in evening. July 26th spent in 
dredging and plankton work up Loch Sunart—anchored 
off Dorlinn for Sunday. On July 28th, returned to Oban 
to land Professor Newstead. 

On July 29th, joined by rest of party, and went 
on by Sound of Mull to Tobermory. July 30th, from 
Tobermory by Ardnamurchan, Canna, and West of Skye 
to Loch Harport. On July 31st, by Neist Point and 
Dunvegan to the Shiant Isles—on shore in afternoon— 
anchored for night off Hast beach on Garve Eilean. 
August lst, on shore at Shiants—in afternoon dredging on 
Kast Shiant Bank—arrived Stornoway at night. 
August 2nd and 3rd at Stornoway—visited Callernish on 
Loch Roag. 

On August 4th, left Stornoway for the East Shiant 
Bank—dredging and plankton work—anchored for 
night in Loch Shell, Harris. August 5th, dredging in 
Loch Shell, and also in Minch, N.W. of Skye; anchored for 
night in Port Erisco, Duntulm. On August 6th, went to 
Ascrib Islands, in afternoon dredged across mouth of 
Loch Snizort, between Ascribs and Vaternish Point 
(obtained “‘ Syntethys’’), anchored at Uig in evening. On 
August 7th, dredged again off mouth of Loch Snizort 
and onwards to Dunvegan Loch. August 8th, left Dun- 
vegan and dredged southwards along west coast of Skye 
by Neist Point to Tarner Island, Loch Bracadale. On 
August 9th, continued to dredge at intervals onwards to 
the South towards Canna. Arrived Tobermory for 
Sunday. 

August 11th, after taking in coal and water, and 
repaired dredge, did plankton work off Ardmore and off 
Ardnamurchan, anchored for night in Loch Scavaig, Skye. 


August 12th, dredging and plankton work off Rum— 
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anchored in Loch Scresort. August 13th, dredging Hast 
and South of Eigg, also in Sound of Sleat, near Armadale 
—anchored off Isle Ornsay. August 14th, passed through 
“Narrows of Skye,” and dredged off Groulin More, and 
North of Croulins (got “ Syntethys”’)—anchored in Loch- 
na-Beiste. On August 15th, dredged again North of 
Croulins, for “ Syntethys,” and northwards along coast— 
anchored off Shieldag, Loch Torridon. August 16th, 
dredged at various points in the Inner Sound, between 
Loch Torridon, South Rona, and Gairloch—anchored off 
Flowerdale, Gairloch, for Sunday. August 18th, 
trawled in Strath Bay, Gairloch, dredged southwards 
along coast, and anchored at Tosgach. August 19th, 
dredging North of Croulins for SS 
at night in Loch-na-Beiste. 

On August 20th, called at Kyleakin, passed South 
through “Narrows of Skye,” to Loch Hourn, dredged 
and took plankton hauls in outer and middle 
lochs. August 21st, dredged in Loch Hourn and Loch 
Nevis, and anchored in Tarbet Bay, Loch Nevis. 
August 22nd, ran for shelter to Isle Ornsay. August 24th, 
from Isle Ornsay to Tobermory. August 25th, took in 
coal and water, and worked down to Oban. August 26th, 
dredging off Lismore for Funieulona, anchored Loch 
Buie. August 27th, Loch Buie to Oronsay, and then on 
through Sound of Islay to anchorage off McArthur’s Head. 
August 28th, Sound of Islay by Gigha and Mull of Cantyre 
to Larne. August 29th, left Larne Harbour 6 a.m., 
arrived in Port Erin Bay at 3.30 p.m. 

During this cruise of over 1,600 miles, physical obser- 
vations on the temperature and salinity of the water were 
taken by George A. Herdman on the same lines as in the 
previous year, and a list of these observations will be found 
on pp. 305-306. Samples of water were also bottled at 35 
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localities, and these have been examined by the method 
of titration by Professor Henry Bassett, who has kindly 
supphed the lst of determinations which we have added 
in the three right-hand columns (pp. 305-3806). 

In all, 49 hauls of the plankton nets* were taken 
during the cruise. Of these, 13 were vertical hauls of the 
Nansen net, the deepest being from 140 fathoms off the 
Sound of Rona, and 36 were horizontal hauls, mostly at 
the surface: 22 of our surface hauls were taken with the 
larger Nansen net, measuring 1 metre in diameter of 
mouth. 

The complete list of the plankton hauls is given on 
pp. 308-309, arranged chronologically and with the same 
indications of amount and nature that were given in the 
corresponding table in our last report. 

It is obvious, on a comparison, that these series of 
gatherings viewed as a whole are very much more z00- 
planktonic than those of any previous year during the 
period of our observations. 


CoMPARISON OF GATHERINGS. 


We may now examine and compare some of the more 
noteworthy hauls :— 

We have two vertical hauls from precisely the same 
deep hole (108 fathoms) off Ardmore, at the north end of 
the Sound of Mull, the one taken nearly a month later 
than the other, which show the same fauna, but consider- 
ably reduced in amount at the later date : — 


* The results of the dredging and trawling are not discussed in this paper. 
Some account of the more noteworthy animals obtained from the bottom 
will be found in “ Spolia Runiana,” IIl—in Journ. Linnean Soc., Zool., 1914. 
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Off Ardmore—108 fathoms, July 14th. - August 11th. 
Calanus finmarchicus .......-..:.-.«20.5 10008 a 500 
Pseudocalanus elongatus............... 12,500 7,600 
Metridia Tucens jusis..clacet ons hesece oeens 100 = 
Memora longicOrmis ©... 4...sscaerse sense: 2,000 = 
ACALOIA CLAUSL .. cncecsncseoescsanseceene sect 6,800 1,000 
Oiihona: Sumilis: -s5-..0.2 esse sen eee eee 2,400 1,200 
INGO ns. 2s:.,ein diaslerr recite cme ae nate ates ae 21,000 ; 6,800 
Nyctiphanes couchit 92.22. .085cscvdssmces. — 2 
Diastylis ucifera- 22. s0cec ec saader rarer eee — "6 
Decapod larvae, Yassnt.cesor-ceeoatete ees 25 a; 
Buphausid larvae 2. ..2:/.isccenes:se sees ve 5 — 
Philomedes sp: ...0c-0e-5--0 seca ose: Bae ; 100 oes 
Saolbha) the cwcecswetsoesseed se cea ene sacs 35 16 
Bolychaet larvae cacseseseees © aeesen ieee 200 Jon ieee 
TAC A Le oak a otsoseees eee ae 200 2,200 
uamellibranch larvae, <...22.c0s-.cecssrs 1,800 600 
Gastrepod larvae cis. anicias meen okt orse ce 800 600 
Medusoids. :co-a¢ steesiasassasces ses ecwecs oon aes 25 === 
anitinmidae % .25.ee tentettasaaceev ten seenee ee 600 200 
Oikopleuta’ .: cisapmithowcnnsswecsteoveseonene 400 200 
aralMisty © cteias-ceietinamonerecneCaber ce eee 2 as 
Rericimium SPP accuser acer aakecess sean, 1,200 <= 
Cenatimmiefareacieccr--enscastgences ce pe, ca 200 = 

~ intermedium’ ..... rahty Sets Seca 200 = 

ns TMA CTOCCROS peas cee cow accent ceeee 200 a 
Coscinodiscus radiatus ............00008. 2,400 800 


It is very remarkable how consistent this reduction 
in numbers is. With the single exception of Lemacina, 
which is an oceanic form brought in by the Atlantic water 
in swarms, all forms present on both occasions show in 
August only a fraction—frequently one-half or one-third 
—of the number present in July. 

Somewhat similarly the two hauls from Loch Sunart, 
from 35 fathoms on July 15th, and from 44 fathoms on 
July 25th, show a considerable reduction in numbers on 
the latter date, and especially a disappearance of the 
phyto-planktonic element which drops from 6,300 to 400 
individuals in the haul. Some of our other pairs of hauls 
(Sound of Coll and off Canna) exemplify, but less 
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markedly, this same relative reduction of the plankton in 
PAOPIST. 
- Our deepest vertical haul, off Sound of Rona, 140 
fathoms, on August 15th, is perhaps the nearest to a 
phyto-plankton of the whole series. There are as many 
species of Diatoms as of animals present, and the number 
of individuals of the former is, of course, many times 
greater. A neighbouring haul, also one of the deepest, 
taken the following day, off the north end of 8. Rona, from 
130 fathoms, is still more phyto-planktonic so far as 
numbers go—containing, as it does, 90,000 individuals of 
the Diatom Corethron criophilum. 

It may be of interest to have these two hauls given 
here in full : — 


7 Off S. Rona, 
Off E. end of Sound of Rona, Aug. 15, 140 faths. Aug. 16, 130 f. 
ZOO-PLANKTON :— 
DP RIRISPUTINMIATCIICUS ....00000sccccessescceceterect . 1,200 1,000 
Pseudocalanus elongatus ...............ssessseee 6,200 4,000 
SPARS TIIUIIS cpa on jane sccsee cn acsesiscesscescsececs 1,000 1,800 
ROU MAMUIIC ONS nos ycinces cz occescsscsncrcccccscscesees 200 100 
IME eee cers cos sicnverservoreercotecesscnonee 2,600 4,200 
PERV AMOCHSANITICTINISS. ..0.0.00.ceccoceceerercoedsees 1 — 
ETM iyiaico ccs st oeinvacccrerancccocsersoeeesess 10 6 
EMT ME oy Solaris vn 5a hvin oiaenlGveia es ecco snsdes 1,600 3,600 
SPIHEEIOMEAU VO voice cenvascecececsenhaseoesssonargs — 200 
PHYTO-PLANKTON :— 
MMIII Mie ascg ana sn sols veces csecsgéccneeses 400 400 
PEEUOIMOMOMA JAPONICA, .......-.0:0rceerarsonsecseees — 200 
METAS ices cece re nshacescsstecceveepesorcnssene — 400 
IPIPEROICCEASWDECVC: oc psnessccceccercccarsvecsccsvoes 400 — 
bi PRMOPUUNIE oat ashe ce rea vinvedab ete satened 7,800 8,000 
me ATM se oe ok Abc a Ta oes oes 7,200 800 
ae EAR ote aly are Soilnlsisiinssbion'p'e toma 800 2,600 
59 OCA ST Riis. \iciatninelcted outers cies reeds’ 600 —- 
MPEPOMOM CHIOPHIUNUM ........<0..cecerersncoeeneres 20,000 90,000 
BONGO ISCUS TAGIAGUS —........ccsccecssccscvecces 600 400 
Rhizosolenia semispina ...............secseeeceeee 600 1,400 


Most of the other vertical hauls contain only a few 
hundreds or thousands of Diatoms in place of the millions 
present on some former occasions. 
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On looking over the remaining plankton hauls which 
are not vertical, but which are for the most part surface 
and horizontal, some taken with smaller and some with 
larger nets, there is no doubt that the outstanding 
character of the collection is the profusion of large 
Calanoid Copepoda. We came upon them in our first 
hauls in the Sound of Mull on July 12th, and they were 
also abundant outside Mull, at Tiree, off Hyskeir, off 
Figg, around Skye, at the Shiant Isles, and the Ascribs, 
off South Rona and Raasay, up Loch Torridon and the 
Gairloch on the mainland, and in Loch Hourn and the 
Sound of Sleat off Isle Ornsay, and finally as far South 
as the sea between Colonsay and Islay, and as late as the 
end of August. In most of these localities Calanus 
fimmarchicus was present in abundance, and also Pseudo- 
calanus elongatus. Other abundant Copepoda are Acartia 
clausi, Temora longicornis and Oithona similis, sometimes 
Centropages hamatus, and usually large numbers of 
Copepod nauplii; but in all the cases of a really large 
gathering of macro-plankton, such as those shown in 
fig. 1, the conspicuous feature is the great abundance 
of Calanus finmarchicus. The three collecting jars seen 
along with the large Nansen net (diameter of mouth=- 
1 metre) contained catches of 1,700 c.c., 1,000 c.c., and 
900 c.c. respectively, which consisted very largely of 
Calanus finmarchicus. The number of individuals present 
in the largest haul we have estimated to be about half-a- 
million.* ) 


*Asan example of the reliance that may be placed upon the relation 
between volumes and counts when dealing with such an organism as 
Calanus in plankton, it may be recorded that Professors Newstead and 
Herdman, when on board the yacht, counted the individuals in 8 c.c. of 
the plankton in the fresh condition on the evening it was taken, and 
found that quantity to contain 2,400 specimens of Calanus. The gathering 
taken from the same swarm a few days later, and amounting to 1,700 c.c., 
has now been estimated independently by Mr. Riddell, in the laboratory, 
as the result of the counting of several samples, to contain ‘‘ fully half-a- 
million specimens of Calanus.”’ On the basis of the count at Tobermory the 
large gathering would come out at 510,000—practically the same as Mr. 
Riddell’s result. 
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To those who were present at the collecting of these 
samples, there seemed to be evidence of a connection 
between the large swarms of Calanus and the presence of 
mackerel which were being caught in the neighbourhood 
at the time, and which were found by dissection to be 
feeding on the Copepoda. In view of the importance of 
such facts, we think it worth while to quote here some 
notes written at the time, and since published elsewhere. 


Fic. 1.—Large Nansen Net and Plankton Hauls taken with it, in July, 
near Tobermory. 
“SY. ‘Runa,’ Tobermory, July 12th. 


“On arriving in this bay last night we found that the 
local boats had been catching abundance of mackerel close 
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to. We bought some for supper (good fish for a halfpenny 
each), and on dissection found that the stomachs of all of 
them were crammed full of fresh-looking Calanus (the 
individual Copepods being for the most part distinct and 
perfect), along with a few immature Nyctiphanes and 
larval Decapods. Professor Newstead and my daughter 
then noticed, while fishing over the side of the yacht, 
about 8 p.m., that the gulls in the bay were feeding in 
groups around patches of agitated water evidently caused 
by shoals of fish. On rowing out to these we saw distinctly 
the mackerel, large and small, darting about in great num- 
bers in the clear water, and we also noticed every here 
and there on the smooth surface of the water—it was a 
beautifully calm evening—innumerable small whirls or 
circular marks which, on looking closely, I found to be 
caused by large Copepoda close to the surface. 

“About twenty years ago I sent a note to * Nature,’ 
from the yacht ‘Argo,’ in regard to large Copepoda (I 
think it was Anomalocera on that occasion, and the locality 
was further North, off Skye), splashing on the surface so 
as to give the appearance of fine rain; and this present 
occurrence at once reminded me of the former occasion, 
but here the Copepod was Calanus finmarchieus of large size 
and in extraordinary abundance. They could be clearly 
seen with the eye on leaning over the side of the boat, a 
small glass collecting jar dipped at random into the water — 
brought out twenty to thirty specimens at each dip, and a 
coarse grit-gauze tow-net of about 30 cm. in diameter 
caught about 20 cubic centimetres of the Copepoda in five 
minutes. The mackerel were obviously darting about, 
occasionally leaping to the surface (which gave the gulls 
their opportunity) where the whirls, caused by the 
Copepoda, were thickest, and an examination of the 
stomach-contents of the fish on the yacht afterwards showed 
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us that the amount in one mackerel was about the same 
quantity as that caught by the tow-net in five minutes. 
Professor Newstead and I have made a count of 8 c.c. of 
the tow-net gathering, and estimate that it contains about 
2,400 specimens of Calanus. This would give about 
6,000 Copepods in the stomach of an average mackerel, or 
in a five minutes’ haul of the tow-net, on this occasion. 

“Tt may be added that these mackerel were evidently 
not being nourished in accordance with the views of 
Piitter, and were clearly able to fill their stomachs from 
the plankton around them.” 

The following note, written some weeks later, records 
the conclusion of the matter, so far as our summer 
observations went : — 


“S.Y. ‘Runa,’ off Island of Kigg, August 12th. 


“On getting back to Tobermory on Saturday, we 
found the plankton to be in marked contrast to its condi- 
tion four weeks ago. The vast swarm of Calanoids has 
gone, and there are now no signs of mackerel feeding in 
the bay. In fact, the change has been noticeable for some 
days in the seas outside,and we have not been getting lately 
the large plankton catches that were usual in the latter 
half of July. On July 14th, a haul of the large surface 
tow-net, in the open sea off Ardnamurchan, gave such a 
huge catch of Calanus (about 1,000 c.c.) that we promptly 
took a second similar haul, and had it cooked as a sort of 
potted ‘shrimp’ confection for tea (sampled by ten persons, 
including the crew, who were much interested to try this 
new edible ‘ fish’); while on August 11th a haul of the 
same net, taken at the same spot, gave only a small catch 
of some 15 c.c., containing very few Calanoids, along with 
the usual scanty summer zoo-plankton.” 

It will be remembered that some years ago, Dr. E. J. 
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Allen and Mr. G. E. Bullen did some interesting work, 
at the Plymouth Marine Laboratory, demonstrating the 
connection between mackerel and Calanus and sunshine in 
the English Channel. 

In an earlier part of the present volume, Mr. A. Scott 
has recorded that at the very time we were finding the 
mackerel feeding on Calanus in the Hebrides, he found 
them gorging on Pleurobrachia in the Irish Sea. - 

The fact is that although a fish like the mackerel or 
herring may have a normal or favourite food, it may on 
occasions be found associated with and devouring almost 
any larger form of the zoo-plankton which is locally 
abundant. If, as Pitter contends, the normal, generally 
distributed plankton of the sea, is not sufficient in amount 
to nourish a fish swimming through it haphazard, and 
_taking what it can get from the water passing through its 
mouth, it becomes the more necessary for fish such as 
shoals of mackerel and herring to seek out and follow 
abnormal tracts of especially abundant and nourishing 
plankton, so as to appear in a locality where Calanus, for 
example, is swarming, and to migrate elsewhere when the 
Copepoda disappear—in a word, to hunt their food in place 
of absorbing it. These considerations give, of course, an 
entirely new importance to that irregular distribution of 
the plankton which is so marked a character of our coastal 
waters. 

The only other organism that need be mentioned is 
the Pteropod Limacina retroversa. This first appeared in 
a gathering off Ardnamurchan on July 14th, and after 
that was found in most of the hauls taken in open water, 
such as the west coast of Mull, off Staffa, at Tiree, off 
Hyskeir, off the West of Skye, at the Shiant Isles, and 
elsewhere; but none were found up the Lochs or in the 
more sheltered localities. It was frequently present in 
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thousands in a vertical haul of the small Nansen net, the 
greatest number being 23,700, from 76 fathoms, in the 
Sound of Coll. 

After Calanus finmarchicus, Limacina retroversa 1s 
perhaps the most distinctive feature of many of the 
gatherings—several of which, in fact, such as the haul 
taken off Neist Point on the West of Skye, on August 8th, 
consist chiefly of these two species. 

All the horizontal hauls show a typical zoo-plankton 
with the exception of the gathering taken off Lismore in 
the Lynn of Lorn, on August 26th, which has a consider- 
able admixture of phyto-plankton, as «the following 
analysis of its contents shows :— 


ZOO -PLANKTON. PHYTO-PLANKTON, 


OO TIO. Ceca eee few Ceratium longipes ...... fair number. 
OUT ONGA Faceec.cess0r-0-s. fair number. Rhizosolenia shrubsolet many. 
ROUTINE Sete sacssnesccevas fair number. Asterionella japonica...few. 
Pseudocalanus ......... few Chaetoceras decipiens few. 
CUO’ ASE Ce EEE fair number. OLESIDE Caacwa see a cae few. 

[OGG 2 ae fair number. 

QUO PleUrd ......00000000 many. 

ICI Ae caer ce sais los ns many. 

WACAUSOUNS cos ctccssceees fair number. 


We have three surface hauls taken in Loch Hourn on 
the same day (August 20th) which may be put on record 


for comparison. 


Upper L 
Outer Loch Hourn (Large Nansen). Hourn 
(up.) 
DOME ees cccacs sien socdeseces sreat number. | T6W...::ccs.sfs+.s 
UZROUAOCHNENAIS .020.0cecsccecocesees very many .| very many ... 
UMM ee tanied an occesneceesinreccns very many ...| very many ... 
8) i very many Bbeatcy cq) | RP emeeey pe 
0 — MVAINY; “icecewas es 
Huwphausid larvae ..........ccceeees fair number .. — 
Ci) 6 — MAY reaverts 
ee pica scerecenacscsorgs ns — very many 
Macruran larvae (Pandalina) ... — — 
Lamellibranch larvae .........65. — — 
GASOPGd LATVAe .....cccaccsensees — — 
PCUMOOTOCIIC ~— .cscccsesssccsecseess TOW Oca vnniedteven: — 
EMO PICUNG wccssecscsecvonrcsosscsces — fair number ... 
0 fair number — 
TANT NATUGE ....eccscsacvaccocees -—— fair number ... 
MEREEIPOUNTOR cccvcvcesrsccsscsavcrssess REO tain iile 08 50 os — 


Fish larvae 


Upper L. 
Hourn 
(down). 


few. 

very many. 
very many. 
fair number. 


many 


...| Many, 


few. 

many. 

fair number. 
many. 

fair number, 
a few. 
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It is not surprising that Outer Loch Hourn should be 
different in some respects from the Upper Loch, especially 
when the haul was taken with the large Nansen; but it is 
curious that the two hauls in the Upper Loch, both taken 
with the same coarse-meshed tow-net, in two consecutive 
quarters of an hour, the one up and the other down the 
same piece of water, should differ as these do in the case of 
Temora, Ovkopleura, the fish eggs, and the Molluscan 


larvae. 
ReEsutts In 1918. 


We may now put briefly a few general results of this 
year’s observations : — 

We have again to notice the marked absence of phyto- 
plankton in 1913, as contrasted with the years 1907-1910. 

The most southerly stations (Oronsay and Sound of 
Islay) were only examined late in August. Calanus was 
plentiful, also smaller Copepoda, and Hvadne was common 
in Sound of Islay. There are no diatoms, whereas last 
year the gathering off Colonsay on August 27th was 
described as ‘‘a phyto-plankton with an admixture of some 
animals.” 

The gatherings from the Firth of Lorn area and Sound 
of Mull show very few diatoms until August. One haul 
off Lismore on August 26th contains a large amount of 
Rhizosolenia and a few Chaetoceras and Asterionella. No 
diatoms were observed at Ardmore on August 11th, and 
few in Loch Sunart on July 15th. The most marked phyto- 
plankton in the Nansen gatherings was on August 15th, 
off Rona Sound. Even this is not a pure phyto-plankton ; 
it is a mixed plankton, containing a considerable amount 
of zoo-plankton. The same remark applies to a 
gathering off South Rona on the following day. The pre- 
ponderating forms here are oceanic, e.g., Corethron, 
Chaetoceras criophilum, Ch. decipiens. 
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This year we cannot make so generally the criticism 
which we made in our last report, that the gatherings are 
a month later than in 1907-1910. Thus our gatherings 
from the north end of the Sound of Mull are about the 
same date (latter half of July), as in the former years. 
The gathering from Hyskeir was on July 11th in 1910; 
this year it is July 24th, which might cause a distinct 
difference. A haul at the mouth of Loch Scridain on 
July 21st may be compared with that of August 12th, 1912, 
between Staffa and Lunga, and shows an even more marked 
zoo-plankton, and as regards this year’s catches we have 
already drawn attention to the fact that of two hauls taken 
in the same locality on different dates, the later very 
often shows a marked diminution in the zoo-plankton. 

The persistence of the change in type of the gatherings 
off Ardmore and in that neighbourhood since 1910 is 
remarkable. 

_ Perhaps the most noteworthy point about this year’s 
hauls is the presence of great numbers of Calanus 
finmarchicus practically everywhere throughout the area 
examined. Calanus was scarce only in two gatherings, 
one off Lismore on August 26th, and one in Upper Loch 
Hourn on August 20th, whileas regards the latter locality, 
Calanus was common in Outer Loch Hourn on the same 
date. 

As in 1911, Limacina has been common in many 
gatherings, and in much the same localities as in that year. 

There is no trace this year of either Doliolum or 
Cupulita. Metridia occurs in a tew gatherings: off 
Ardmore, July 14th, was its most southerly occurrence; it 
also occurred North of Rum on August 12th; in Rona 
Sound and off South Rona, August 15th and 16th, and at 
the Shiants on July 31st and Loch Shell on August 4th. 
Corethron criophilum, which is also an Atlantic form, was 
common about Rona Sound on August 15th and 16th. 


320 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


GENERAL CONCLUSIONS. 


We do not desire to change in any material respect 
the general conclusions that we arrived at in last year’s 
report. We may quote in particular one paragraph which, 
with the exception of the final sentence receives further 
confirmation from this year’s work. It is-as follows :— 

“We see no reason to modify our view that the spring 
phyto-plankton seems to remain longer in northern 
Scottish waters than it does in the Irish Sea. It probably 
disappears more slowly some years than others, and it 
certainly seems to be replaced more on some occasions 
than on others by invasions of oceanic zoo-plankton. This 
summer there seems to have been a well-marked invasion 
of this character to the North of Mull, carrying even such 
an Atlantic organism as Dolzolwm almost into the Sound 
of Mull.” 

In regard to the last sentence, Doliolum was present 
in 1912, while this year not a single specimen was seen. 
On the other hand the pelagic, oceanic Pteropod Limacina, 
which was present in quantity in 1911, and was totally 
absent from our Hebridean gatherings in 1912, was present 
in great abundance this year (1913) in all the open waters 
from Mull to the Minch, North of Skye. The occurrence 
of these two pelagic organisms, Doliolum and Limacina, 
may be regarded as equally affording evidence of an inflow 
of Atlantic water, and that the one should be carried in to 
certain waters one summer, and the other the following 
year, may be of no general significance, but may simply 
depend upon the abundance and distribution of these 
organisms in the outer area at the time when the inflow 
took place. 

We may repeat what we stated last year in discussing 
the three kinds of sea-water, (1) Arctic, (2) Atlantic, and 
(3) Coastal, which may enter or affect the British seas, as 
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follows :—‘‘ The seas on the west coast of Scotland are on 
the border line of the last two kinds of water, and may be 
regarded as primarily an area of Coastal water which is, 
however, periodically invaded to a greater or less extent by 
bodies of warmer and salter Atlantic water carrying in 
oceanic plankton. The variations which we find in 
different years in the nature and amount of the plankton, 
at the same localities, no doubt depend upon the volume 
and period of such invasions. ‘They may depend also upon 
other factors, such as the weather (temperature, sunshine, 
rainfall, wind, &c.) at the time, and previously.” 

To this we may now add that the presence of 
Doliolum last summer and not this, and of Limacina this 
summer and not last, is a good example of such variations 
in the oceanic invasions of zoo-plankton. The two 
summers were very different in character; 1912 was cold, 
wet and stormy, while 1913 gave us for the most part 
fine weather and calm seas; but although the two fine 
Augusts of 1911 and 1913 showed quantities of Limacina 
and the intermediate bad summer showed none, still we 
hesitate to do more than record the facts: there may be 
no connection between the weather and such variations in 
the plankton as we have observed. 

We may remark, finally, that both (1) the lingering 
of the phyto-plankton in more northerly waters, with 
occasional very large swarms of diatoms, and (2) the 
oceanic invasions from the Atlantic constitute a marked 
difference between a collection of summer plankton from 
the West Coast of Scotland, North of the Mull of Cantyre, 
and a collection made at the same time from the more 
enclosed waters of the Irish Sea. 
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REPORT ON THE PERIODIC SAMPLES OF SHRIMPS 
FROM THE MERSEY ESTUARY. 


By T. Monacuay, 
Assistant Naturalist in the Fisheries Laboratory. 


During 1913 and part of 1912 samples of shrimps were 
received periodically from the Fisheries Bailiff (Captain Eccles), 
which I examined and measured. The approximate averages 
of berried females, non-berried females, and males were also 
found for each sample. The samples were taken from the 
fishing grounds in the Rock Channel and the Crosby Channel, 


both of which may be spoken of as the “ Mersey Estuary.” — 


On examining the shrimps individually it was found that the 
eggs were most abundant from January to August, and the 
proportion of the berried females then diminished from 


September to December. It will be noticed from the following » 


tables that the samples were not sent for examination every 
month on account of difficulties in obtaining them, so that 
definite conclusions cannot yet be arrived at from the investiga- 
tion. The data, however, are given here, and the observations 
will be continued with greater regularity this year. Table I 
gives the rough data. Table II gives the percentage of males, 
berried females, and non-berried females. The chart below 
represents the latter variation graphically. 

% 

80 


MALES. 


\ 
¥NON-~BERRIED 
FEMALES. 


JAN 1 FEB I MARIAPRILIMAY IWUNEIJULY AUG ISEPTIOCT INOV I DEC 


Fie. 1. Variation in the percentages of males, non-berried females, and 
berried females in shrimps caught in the Mersey estuary. 
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TABLE I, 
Average 
Date No. Length 
in mm 
1912. 
uly 16th ......... Bermied Kemales ........-<+<ce+-» 128 75 
Non-berried Females ............ 12 58 
Re SMM seer ae eles Ss SENN ee 60 58 
200 
August 12th ...... Bermedabomales: ~~ ....2....s..«0- 411 70-95 R 
Non-berried Females ............ 86 59 
NUIBI NSS) On 15 Seis Sear sty ae ek a ae 715 52-05 
572 
August 30th ...... Berniods Wemiales) -.0..c.<.cc-ce>: 40 66-8 
Non-berried Females ............ 550 64 
MYZIES gece dssneacheosegunenpcsdrecer 100 53-4 
690 
November 19th Berried Females ............se000: 9 76 S 
Non-berried Females ............ 195 69 
JIB TES) Got yas tae ee ae eae 149 54 
353 
Meconibes 20fh Berried Females .................. 54 72-7 
Non-berried Females ............ 1si%4 67 
IG Ge i He coats ae eee 412 52-8 
598 
1913. 
imananyeeoud -..| berried Kemales ...........+..0e0 264 69-95 
Non-berried Females ............ 174 62 
MICH We eee meee clea har cGeteandetes 638 58:05 
1,076 
March 6th ......... Berried Females ..............000- 410 66-05 
Non-berried Females ............ 106 65-55 
PNET AMR elena n coceae ees aus 484 55-7 
1,000 
mer Tlth .,....... Berried Females ...........c+s+0« 574 62-55 
Non-berried Females ............ 82 61-95 
WUD EER A Aer nee enn 157 51-75 
813 
May 2ard ......... Berried Womales: ......0s2cccs+> eee 418 74-9 
Non-berried Females ............ 135 60-15 
EERE tea heace oc utksaterae thes duc 158 55-2 
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Average 
Date. No. Length 
in mm 
June) 20th. -<...2.<.- Berried Females ................:. 185 7 
Non-berried Females ............ 163 56-7 
Males: “ct tocec. estan e i oeececee 265 51-25 
613 
October 10th ...| Berried Females .................. 2 "Bras a 
Non-berried Females ............ 303 64-95 
Majlésici Sct ocean seeeccenaeeernneeee 162 58°15 
467 ; 
October 20th Berried Females ....-:............. 2 72-5 
Non-berried Females ............ 501 61-65 
Malég in. Foerster sez Geccern eee 49] 51-95 
994 
December 11th ...| Berried Females .................. 158 69-65 
Non-berried Females ............ 328 64-75 
Moles ® ¢ ojos oi.0 ac tere ueneacces 1,336 55:3 
1,822 
TABLE II, 
Percentage of Percentage of 
Percentage of Berried Non-berried 
Males. Females. Females. 
ganuary, 1913 (1)” <..:. 59-3 24:5 16-2 
WM EWPURTY. © °sijaenakssnomdetne No. sa|mples 
Marek OLS (lL) c.ccecse: 48-4 41-0 10-6 
April ONS (1) ccter-ccene: 19-3 70-6 10-1 
May, V9IS (Ll) sic -cscnecs, 22-2 58-8 19-0 
sume; VOLS (1) Asccccassene 43-2 30-2 26-6 
duly VOU (Lie. cecrcrenaes 30-0 64-0 6-0 
August, 1912 (2) ......... 13-9 35-7 50-4 
Sombember et dese cecwceses No sa|mples 
October, 1913 (2) ...... 44-7 0-3 55-0 
November, 1912 (1) 42-2 2-6 55-2 


DS 


December, 1912-13 (2) 72-2 8:8 19-0 
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HERRING INVESTIGATIONS 
(WITH DESCRIPTION OF A NEW FISH-MEASURING 
BOARD.) 


By W. Rippett, M.A. 


The present paper is a preliminary contribution to the 
biometric study of Irish Sea herring, with a view to discovering 
whether these show any sub-division into local “ races,” such 
as have been described by Heincke. So far a complete 
examination along the lines indicated by Heincke has not 
been made, only a few characters having been examined, 
but it is hoped in future work to carry out a more extended 
series of measurements, including the vertebral characters, 
on larger numbers of fish. 

The characters so far examined have been as follows :— 

1. Total length from extremity of snout to the vertical 
line joining the tips of the lobes of the caudal fin when in its 
natural position. [7’]. 

2. Total length to base of tail. [T. cd.]. 

3. Length from tip of snout to beginning of dorsal 
more | [2], 

4. Length from tip of snout to beginning of pelvic 
fin. [V]. 

5. Length from tip of snout to anus. [A]. 

6. Lateral length of head. [l. cp. l.]. 

7. Number of keeled scales between anus and pelvic 
fms, [K,|. 

In addition, the sex has been noted, and the condition 
of the gonads according to Hyjort’s scale. As regards the 
latter, I have included under V all cases where, even if the 
roe and milt were not actually flowing, the condition of the 
gonads showed that they were to all intents ripe, and the 
products would shortly be fit for extrusion, 
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As regards comparison of these characters, it will be 
seen from the tables that I have expressed D, V, A, and 
l. ep. 1. in percentages of T. cd. instead of T. The latter seems 
to me much too uncertain a measurement to be taken as a 
standard. Even when the caudal fin is complete and in good 
condition, the position in which the lobes are placed for 
measurement will depend to a large extent upon the idiosyn- 
crasies of the observer, while in many cases, especially -with 
commercial samples, the fin is in such a bad state of preservation 
that any attempt at measurement becomes pure guesswork. 

In all cases, however, I have given this measurement in 
the tables. : 

The samples examined are as follows :— 

1. 12 fish from New Quay Head, November 7th, 1913. 

2. 15 fish from New Quay, November 11th, 1913. 

3. 10 fish from Penrhyn Weir, Bangor, November 17th, 
Loi: 

4. 18 fish from Moelfre, November 20th, 1913. 

5. 12 fish from New Quay, November 24th, 1913. 

6. 13 fish from Penrhyn Weir, Bangor, November 24th, 
1913. 

7. 12 fish from New Quay Head, December 8th, 1913. 

8. 10 fish from Moelfre, December 8th, 1913. 

9. 18 fish from Penrhyn Weir, Bangor, December 9th, 
1913. | 

10. 11 fish from Tremadoc Bay, December 18th, 1913. 

11. 11 fish from Moelfre, January 6th, 1914. 

12. 150 fish trawled off the Smalls Rocks, about 

26th October, 1913. 

I have grouped the first eleven samples together, as 
representing one shoal, for purposes of statistical examination. 
How far this is justified future investigations alone can show, 
but at present all the evidence at my disposal seems to show 
that these fish all belong to one shoal, whose spawning ground 
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is in Cardigan Bay, and perhaps also Carnarvon Bay. So far 
this spawning ground has not been found, but I hope to make 
asearch for spawn next season. 

In future seasons I hope to obtain larger samples of fish 
from the various places along the coast, with a view to 
discovering how far this grouping of the present samples is 
justified. : 

If we adopt this grouping, and regard the trawled herring 
separately, we shall find that there seems to be a significant 
difference in the mean as regards most of the measurements. 

D. Here the 142 fish represented by the first lot of 
samples, which I shall in future term the “inshore fish,” 
give a mean percentage of 51-74, with a standard deviation 
(oc) of 1-27 and a probable error (E) of + 0:07. (All percentages 
are percentages of 7. cd., as noted above). The trawled fish 
have a mean of 52:81, o—0-:98, E= + 0-05. Thus the 
difference in the means is 1-07, or more than fifteen times the 
larger EH, and is therefore probably significant. If we adopt 
the formula (,/ £ + #,?) for the “ standard error,” this gives 
a value of 0:08; thus the difference of the means is more than 
thirteen times the standard error. 

V. The inshore fish have a mean of 55-22, o = 1-07, 
HK = + 0-06. The trawled fish have a mean of 55-64, o = 0-91, 
K= + 0:05. The standard error is 0°08, and the difference 
in the means, 0-42, is seven times E, and five times the 
standard error, and is thus also significant. 

A. The inshore fish have a mean of 75-76, o = 1-24, 
EK = + 0-07. The trawled fish have a mean of 75-91, co = 1-06, 
K = + 0:05. Here the standard error is 0°08, and the 
difference in the means is 0-15, only twice H, and is therefore 
probably not significant. 

l.cp.l. The inshore fish have a mean of 21-58, o = 0-92, 
K= +0-04. Thetrawled fish have a mean of 22:22, o =: 0-77, 
EK = + 0-04. Here the standard error is 0°05, and the 
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difference in the means is 0-64, sixteen times E, or thirteen 
times the standard error, and therefore significant. 

K,. Here the mean of the inshore fish is 14-02, « = 0-84, 
EK = + 0:04. The mean of the trawled fish is 13-91, « = 0-69, 
EK=0-03. The standard error is 0:05,: and hence the © 
difference is not significant. 

Thus out of these five characters three—D, V, and I. ep. l— 
show differences which are probably significant, and two— 
A and K»,—show differences which cannot be so regarded. 

Always assuming, therefore, that we are justified in 
regarding these inshore fish as belonging to one group, there 
seem to be grounds for regarding the two series as showing 
some degree of racial separation. The correctness of this 
conclusion will have to be tested next season on a larger number 
of fish with a more extended series of measurements. Both 
these groups belong to the winter herring; it is hoped in the 
coming season to make a detailed examination of the summer 
herring also. There isa further point to which I think attention 
might be directed in subsequent investigations. One or two 
of the characters show some indication of a sexual difference 
between members of the one race. Thus I have separated 
the two sexes of the inshore fish as regards V, with the following 
result :— } 

3S :—Mean 76:01, co = 1:36, H= + 0-1. (76 examples). 

9 :—Mean 75-5, co = 1:02, E = + 0:08. (66 examples). 

Here the difference in the means is five times the probable 
error, but the significance of this depends upon how far one 
can regard the two series as representing the sexes properly. 
Personally, I am not inclined to insist upon it, as the series 
are so small, but I think the point might be worth investigation 
when a larger number of fish are under examination. Such 
differences have already been described in the plaice by 
Duncker. 

As regards the spawning of the inshore fish, it will be 
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noticed that none of the fish from further South than Tremadoc 
Bay are spent. A few fish received from near Aberdovey 
early in the season (not included in the tables) were also 
mostly full fish, only one being spent. But not all the fish 
North of Cardigan Bay are spent; thus while the majority 
of the fish from Moelfre are spent, the majority of those from 
Bangor are not. The actual spawning-grounds of these fish 
still remain to be discovered. 


Table I. 


(All measurements in the tables are in millimetres.) 


4 mile E. of New Quay Head, November 7th, 1913. 4’ mesh. 
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eee 
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Sees es cles igre entiaciat hae 


| foeeedo |) t2o | 51-4 | 128 | 53-5 | 182 | 76-1 | 53 | 22-1 | 13 
! 214} 242) 125] 51-6/ 137] 566] 189] 78-1 | 50 | 20-6 | 14 
268 | 237) 124) 523 | 133 | 56-2 | 183 | 77-2 | 47 | 19-8 | 15 
264 | 229; 120) 52-4| 128) 55:9 | 178 | 77-7 | 49 | 21-4 | 13 
259 | 224) 114) 50-8} 124) 55:3) 176 | 78-5 | 51 | 22-7 | 14 


258 | 227; 116) 51-1 120 | 52-8 174 | 76:6 | 47 | 20-7 | 14 
257 | 225} Ill | 49:3) 119 | 52:8 172 | 76-4 | 46 | 20-5 | 14 | 
257 | 224; 115) 51:3] 119] 53-1 167 | 74:5 | 45 | 20-1 | 13 
256 | 223 | 115) 51:5 | 121 | 54-2 171 | 76-6 | 46 | 20-6 | 13 
255 | 221 120 | 543 | 120] 54:3 172 | 77-8 | 46 | 20-3 | 15 
253 | 221 113 |} 51-1 122 | 55-2 174 | 78-7 | 45 | 20-3 | 14 
250 | 225) 113 | 50:2] 124) 55-1 173 | 76:8 | 48 | 21-3 | 13 
250 | 218 | 112] 51:3 119 | 545 | 167 | 76-6 | 47 | 21-5 | 13 
246 | 216; 108); 50 117 | 54-1 166 | 76-8 | 45 | 20-8 | 15 
239 | 210 | 104; 49:5! 113 | 53-8 158 | 75-2 | 43 | 20-5! 13 


10505 404005 05 05 4005 05 O53 4003 0540 


|dinididdddd<4<<< 
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Penrhyn Weir, Bangor, November 17th, 1913. : 
28 276 | 244 127 | 52 131 | 53-5 184 | 75-4 | 50 | 205 |)15| @ 
29 262 231 122 | 52-8 129 | 55:8 175)| 75:7 |-50 | 2E-Go) Tae 
30 | 255. 225 | 118 | 52-4 | 126-56 172 | 76:4 | 47{ 20-8 |15/] 9 
31 | 253 | 225 116] 51-5] 128 | 56-8 | 172 | 76-4 | 48 | 213)15) ¢ 
32 | 258 '| 223°} 117:| 52:4) 1b9 | 53-3) 165 | 73-9.) 48°) 2i-oa aa 
Bo | 249 9207 i 114), 52:5) 125) | 5t-6 4 Gs) 76 47 | 216/13] 9 
34 248 217 114 | 52:5 119 | 54:8 167 | 76:9 | 50 | 23 Loos 
35 248 214 112 | 52-3 121 | 56-5 164 | 76:6 | 47} 21:9|15]| ¢ 
36) 2460-2218 |) 108) S409) 1259S ai-3 | eles ae 49 | 22-4 |]14] ¢ 
37 | 242-| 213] 108{ 50-7 | 116 | 54-4 | 158 | 74-1 | 45 | oi-n see 
Moelfre, November 20th, 1913. 
38 272 239 | 121 | 50-6 139 { 58-1 | 184) 76-9 | 52 | 2-7 aie 
39 268 235 124 |} 52-7 133 | 56-6 | 183 | 77:8 | 54) 23 14; 3 
40 | 264] 234 | 120} 51-3) 131.) 55-9 | 172 | 73-5 |52 | 22-25 
41 | 263 | 2380} 120 | 52:1.) 130 |. 56-5.) 172.| 74-7 |{52)) 22:Gn eters eee 
42 | 262 | 235] 121 | 51-5 | 180] 553 | 175 | 74-4 | 50 | 21-2] 147 ¢@ 
43 262 234 120° | 51°3 132 | 56-4 179 ; 76:5 | 51 |. 21:8 | 14] ¢? 
44 259 226 120 | 53-1 127 | 56-2 175 | 77-4 | 49 |" 21-6 | aie 
45 255 226 114 | 50-4 128 | 56-6 170 | ‘75:2 |*45" | TO-Os ties, 
46 | 250 | 223 | I11 | 49-7 | 122] 54-7| 168 | 75:3 | 48 | 215) 15) ¢ 
47 249 213 114 | 53:5 118 | 55-4 164 | 77 47.| 22-1 | 15) @ 
48 246 216 110 | 50:9 120 | 55:5 162 | 75 46 | 213|14] 3 
49 | 245 | 214) 114} 53:2] 120); 56 163 | 76-1 | 48 | 22:3 (1a e@ 
50 | 245] 214] 111] 51-8] 119] 556) 164] 76-6 | 48 | 22-4) 15) ¢ 
51 239 209 106 | 50:7 114 | 54:3 159 | 76 44 | 21. 15| 3 
52 238 209 110 | 52-6 118 | 56-4 162 | 77-5 | 45 | 2155 Taso 
53 + 237.) 207 | LOG | 51-2'| 115 | 55-5 | 157 | 75-8) (46 |S 2222 a ees 
54 234 207 107 | 51-6 115 | 55:5 155:|. 74-1. | 47 | 22-77) ae 
55 232 204 110 | 53-9 114 | 55:8 152 | 74:5 | 47 | 23 L5eih sen 
1 mile N.E. of New Quay, November 24th, 1913. 4’ mesh. 
56 272 240 127 | 52-9 136 | 56-6 185 | 77 52 | 21-6 | 14] @ 
57 |. 270 | 242," 124 | 51-2 | 130 | 53-7) .179 | 73-9 | 48 |) Tosa ie 
58 266 235 121 | 51-4 129 | 54-9 179 | 76-1 | 48 | 20-4) 14] ¢ 
59 | .265 |. 2338 | 118 50-6 | 130 | 55-7.| EO.) 76:8 | 50 | (24a ieiogeeee 
604) 92645) 2367)" 1225) Sale) AS00\ aob 178 | 75-4 | 50 | 21-1.| 14] 9 
61 260 |. 229 117 | 51-1 127 | 55-4 171 | 74:6 | 48 | 20-9 | 14] @ 
62 256 226 119 | 52-6 127 | 56-2 173 | 76:5 | 48 | 21-25) [Sai 
63 256 225 114 | 50-6 127 | 56-4 Ne ee Ao) 48 | 21-3) 13) ¢ 
64 | 254 | 227) 118 | 51:9 | 123.) 54:1 | 171.) 75:3 |45") TOS ae eee 
65 254 221 116 | 52-4 127 | 57-4 172 | 77-8 | 50 | 22-6) Thais 
66 | 253 |: 220; 114] 51:8 | 123 | 55:9 | 168 |-76-3 | 48 | 21°53) ae 
67 |. 251.| 222 | 114 | 51-3.| IV9 | 53-6 | 168 | 75-6 | 487) 21-60 aaa 
Penrhyn Weir, Bangor, November 24th, 1913. 
68 271 241 125 | 51-8 182 | 54-7 185 | 76-7 | 50°| 20:7 | ta (08 
69 | 271 | 239 | 1238,) 51-4 |. 130 | 54:3) 181)| 75-7.) 48 | -20:1s\ Gel 
70 | 260 | 229] 124 | 541) 127] 55-4) 175 | 76-4 | 51 | 22:3) Tau 
7A 259 229 115 | 50-2. 122 | 53-2 172 | 75-1 | 48 | 20:9) 14) 9 
72 256 226 117 | 51-7 124 | 54:8 174 | 76-9 | 49 | 216]15| Q 
73 250 221 118 | 53:3 124 | 56-1 168 | 76 49 | 22-1 | 14] ¢ 
74 | 248 217 114 | 52-5 122 | 56-2 167 | 76:9 | 48 | 22-1 | 138} @ 
75 | 246 217 114 | 52-5 121 |. 55-7,| 166 |) 76-5 | 48.| 22-1 ase 
76 241 214 112 | 52-3 118 | 55-1 157 | 73:3 | 46 | 21:5 | 14] ¢ 
77 219 197 98 | 49-7 105 | 53:3 144 | 73-1 | 43 | 21-8 | 14] ¢ 
78 | 238 | 185 94 | 50:8 | 102 | 55-1 | 138 | 74:5 | 39 | 21 14] Q 
19 2034) a7 99 | 55-9 101 | 57 134 | 75-7 | 41 | 23-1 | T3458 
80} 202 | 179 94 | 52-5 99 | 55:3. | 137 ]| 76-5! 42 | 23-4]14] ¢g 
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4 mile from New Quay Head, December 8th, 1913. 4” mesh. 


252 130 | 51-5 145 | 57:5 190 | 75:4 | 538 | 21 16 2 
244 126; 516] 134/.54:9| 182 | 74:5] 51 | 20:9] 14] 9 
240} 124) 51-6; 133] 55-4 | 181 | 75-4 | 49 | 20-4] 14) 9 
Pao eheS:| 50-4} 133 |} 56:3-| I8l | 76-6) 50 |] 21:1) 15] ¢ 
Foote) | ok-3 | 130 | 55-5 | 175 |) 74-7 | 49 | 20-9 | 14 | S 
aot oA | 130). 55:3 | 1797) 76-1 | 50 | 21-2 | 16 | ¢ 
Peo aieok-9) 129 | 56-3 | 173°) 75:5) 50) 21-8 | 14) 3 
eee 2-2 | 127 | 56:7 | 171 | 76-3 |) 47 |} 20-99 |} 14) 3 
Poteeleos) ba's | 125 | 56-5 |- 174) 78:7 | 48 | 21:7) 14 | 3 
Py el m4. | 123 | 55 LIE eT Toler. |, Be Wo i 
aetaGe! 52-4.) 124 | 56-1 | 171) 77-3| 47 | 21-2115) 3 
PieerOon)) bI-b | 118-| 55-4 | -162-| 76 48 | 22-5115 | 9 
Moelfre, December 8th, 1913. 
en ae) oi-S 123 |) 54-9 170° | 75-8 | 50 22-3*| 13 |- 4 
ale | 51-7) 123.) 54:9 | 170 | 75:8 | 48 | 21-4 ),13) 4 
Peres ail | 122 | 54-7 | 168 | 2753 | 50 | 22-4) 13) } 
Bay 115 | 52 122) | 5d:2) 1 170:| 76:9 | 47 ) 21-2) 14 | S 
Pomieetiaieb2-5 | 119 | 55:8 | 168 | 78:8 | 45] 21-1 |14-| @ 
Beer |) 52-3 | 116) 54-7 | 162 | 76:4 | 45 | 21-2 | 13 | 9 
eros bbl | 116 }°.54:9 | 159 | 75:3 | 45 | 21-3.) 14 | © 
Peete!) 52-o | 119 | 56-1 | 162 | 76-4) 47 | 22-1 | l4 | 9 
Peto | o0-7 | 116) 54:9 | 159 | 75:3 | 44) 20:8 | 13, 3g 
Pas t05 |) 50-4 | 117 |.56-2 | 159 | 76-4 | 46 | 22-1 |:14 | 9 


Ss gs pr it igs a ne msl 


Penrhyn Weir, December 9th, 1913. 


226 | 118 | 52-2 124 | 54-8 | 170 | 75-2 | 48 | 21-2 | 14 | 9 
225} 116] 51-5] 124 | 55-1 170 | 75:5 | 47 | 20-8 | 14] @ 
222) 116 | 52-2 122 |) 54:9 | 1707) 765°) 50) 22-5 | 14) ¢ 
22a) Lld | 51-5) 121 | 54-2 | 165 | -73:9= 49 | 21:9 | 14] 9 
211 107 | 50-7 | 114] 54 ldo") 734) 45°) 213 | 13) So 
210} 108 | 51-4) 116 | 55-2 161 | 76-6 | 45 | 21-4 | 14] @ 
186 97 | 52-1 103 | 55:3 140 | 75:2 | 44 | 23-6 | 12 | Q@ 
181 96 | 53 101 | 55-8 | 1386) 75-1 | 42) 23-2) 14) ¢ 
18] 93 | 51:3 102 | 56-3 133 | 73-4 | 41 | 22,13) 9 
183 92 | 50-2 98 | 53-5 | 134 | 73-2 | 41 | 22-4 | 12) 9 
174 94 | 54 96 | 55-1 129 | 74:1 | 41 | 23-5) 14) 9 
174 90 | 51-7 97° | d-7 131 | 75-2 | 40 | 22-9) 12); 9 
172 88 | 51-1 94 | 54:6 | 128 | 74:4 | 40 | 23-2 | 12); Q 
174 88 | 50-5 96 | 55-1 130 | 74:7 | 40 | 22:9| 14] ¢@ 
173 91 | 52-6 96 | 55-4 | 128); 73-9 | 41 | 23-7 | 14] 6 
174 93 | 53-4 07) oo:7 |} Lal | 7o-2°| 41 }) 23% | 13 | So 
171 89 | 52 94 | 54:9 | 128 | 74:8 | 40 | 23:3)14] 3 
161 84! 52-1 88 | 546! 120 | 74:5 | 38 | 23-6113! 9 


Tremadoc Bay, December 18th, 1913. 


230 118 | 51:3 126 | 54-7 172 | 74:8 | 50 | 21-7|15| 9 | 
227 118 | 51-9 123 | 54-1 170 | 74:9 |.47 | 20-7 | 14] 9 
226 115 | 50:8 120 | 53-1 166 | 73-4| 45; 199 /)15)| ¢ 
222 114 | 51:3 LL] | 52:7 166 | 74:8 | 45 | 202/15] @ 
220 115 | 52-2 121 | 55 167 | 75:9 | 46 | 20:°9/| 14] @ 
218 112 | 51-3 121 | 55-5 164 | 75-2 | 47| 21-5 |14)] 9 
217 112 | 51-6 116 | 53-4 162 | 74:6 | 47 | 216/15) 9 
217 LLL | ol-l 118 | 54:3 164 | 75:5 | 44 | 202 /)}15]| Q 
218 li | 50-9 117 | 53-6 162 | 74:3 | 45 | 206|)15]| Q@ 
213 110 | 51:6 116 | 54-4 157 | 73-7 | 46] 216/13) ¢ 
210 109 | 51-9 lll | 52-8 155 | 73°8 | 45 | 21-4|,15]| 34 
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Moelfre, January 6th, 1914. 


132 268 236 121 | 51-2 129 | 54-6 LTT ad 47| 199 | 14| ¢@ V. 
133 257 | 231 119 | 51-5 127 | 54:9 174 | 75:3 | 49 | 21-2 | 14) 9 Ve 
134 246 220 113 | 51:3 122 | 55:4 F170") 7721546 |; 20-90 Sane Vik 
135 245 215 112 | 52-1 118 | 54-8 163 | 75:8 | 48 | 22:3 | 1a) 4 VE 
136 | 244 214 107) 50 116 | 54-2 160 | 74:7 | 46 | 21-5 | 13} @ VI. 
137 243 214 112 | 52:3 119 | 55-6 162 | 75:7 | 47 | 21-9 | 14 | © VI. 
138 238 212 108 | 50-9 116 | 54-7 159 | 75 45 | 212,13] ¢ Vi. 
139 233 204 103 | 50-5 113 | 55-4 155 | 75:9 | 44 | 21:5) 13 |) Soave 
140 223 197 103 | 52-2 110 | 55:8 149 | 75:6 | 45 | 22:8 |13 | g¢ | VIL-I. 
141 222 197 TOE oie2 109 | 55:3 146 | 74:1 | 44 | 22-3 | 13 OP ie 
142 222 193 101 | 52:3 105 | 54-4 145 | 75-1 | 43 | 22-2 | 14 | ¢@| VL-I. 
Mean B1-74 | 55-22 75-76 21-58! 14-03 
Table IL 
150 Herring : trawled off The Smalls asout October 25th, 1913. 
D Af A lep.l 
% % % y 
No,|| T T.cd Ted T.cd Ted T.ed.>| Keaaaies g 
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Table UW.—continued. 


v | . 
% % oS 
Ted Ted ed 
isa | 55-9 | tee a7 
em 185)| 56 | 192° |) 75-5 


56-7 
54:1 130 | 56-2 179 | 77-4 
52°3 131 | 55-7 176 | 74-9 
53:2 130 | 56-2 172 | 74-4 
53 129 | 55:6 | 178 | 76-7 
52°3 13a) you, |) ETT, 106 
53-6 | 127 | 54:5 | 177 | 75-9 
54:2 134 | 56-7 Si | VG7 
54-4 | 131 | 55-7] 179 | 76-1 
54-1 128 | 55:9 | 169 | 73-8 


Lep.l. 
% 

cde 1K 
5yida| ard AN DIE 
Doe eae, 14 
56 | 22-8 | 14 
Eye ye I LA: 
56 | 22-8 | 14 
Doalt Qacar | be 
5D | 22-9 15 
48 | 19-7 | 14 
54 | 22-4 | 14 
54 | 22-5 | 14 
Eye ieee 14. 
Gul Beason) HEMI 
Aw 22 le A: 
53 | 21-9 |.15 
HAD | 22-2 113 
hl), $ave 1) AS 
spaal pAleri Nt aes 
Sie) 2Za-7 4), 14 
Ht 22-On dA: 
laa eo Alice Bt) WIZE 
Spe Alar AN 1s 
5G Jao 1) 5 
Be 22 14 
52 i Qhesie 4. 
5D | 22-8) 14. 
Be le Dillon a 
55 | 23 14 
HA | 22-3) 1 14 
52 1 21-9 1 13 
AON 20-7 Lo 
HAD 228 114 
He 22 14 
49 | 20-7 | 14 
Pye ile cere la La: 
SO 2a-G 115 
49 | 21 13 
5 | 2a | 13 
5 | cero Le 
54 | 22-9) 13 
52 | 22-1 | 14 
5L | 22 13 
oo) 22-6nNi Te 
5 Tir pe Head al 
55 | 23-2) 14 
Da ti eee | be 
Bt | oe lb 
49} 21-4.) 14 
Ba | Zeer Lb 
54 | 23-6 | 13 
51 Doel || ya 
Sy i 4 Ry ad ie Be! 
53 | 22:91 13 
BL. | 22 14 
bp (2290 | 13 
Gs. | 225% | 14 
54 | 22-9 | 12 
53 | 22-5 | 14 
Bz. | 227.18 
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Table W.— continued. 


262 | 231 | 121 | 52:31 132/ 571 | 180 | 77-9|51| 221/15| g| Vv. 
262 | 233| 193 | 52-7| 1321 566/ 178| 76-4|52| 223/14] a] V. 
262 | 232] 125 | 53-8 | 129| 55-6] 177] 762150| 216/14| 4] Vz 
261 | 230 | 126| 54-7| 130 | 56-51 179! 77-8.|53| 23 | 14) 2 ley, 
961 | 229] 120 | 52-4| 126] 55 173 | 75-5 | 51 | 223/141 a] Vz 
261 | 227} 117| 51-5| 124 | 54.6! 173 | 76-2-| 53 | 933 | 1a))eecnennne 
260 | 226| 120| 53-1 | 124) 54.8] 1721 761 | 53) 234/14] @| Vz. 
260 | 231 | 194 | 53-6] 126 | 54-5 | 175 | 75-7 | 52 | 22-59] 50am 
260 | 231 | 122 |°52:8| 129| 55-8! 173) 749] 52] 225/13] 9] Vz. 
259 | 234 | 125 | 53-4| 131 | 55-9 | 181 | 77-3 | 50 | 31-3) 040 
959 | 229] 119 | 51-9 | 1380|- 56-5 | 175 | 76-1.) 50 | aig se) er 
2591 230| 120| 521 | 195 | 543 | 173 | 75-2|55| 239/14] g| Vz 
259 | 229] 119| 51-9| 125 | 54:5| 170 | 742] 50| 21-8)14] g| Vz 
256 | 298| 120| 526| 125] 54-8| 172 |-75-4 151 | 223/13] a] Vz 
255 | 290! 192 | 55-4 | 196 | 57-2 | 171 | 77-7 | 50 | 22-7| 14] g| VY. 
255 | 294! 118 | 52-6| 198 | 57-1! 170 | 75-8152) 232/14] ¢| VY. 
255 | 2241 116| 52-2 | 192] 54.9] 165| 743/50] 225/15| ¢| Vz 
255 | 295 | 119 | 52-8 |. 124 | 55-1 | 169 | 75-1 | 50 | 99-0 10190 
255 | 230 | 123| 53-4 | 128 | 55-6! 177] 76-9 | 521 22-6|14| © | TIL-IV. 
955 | 9271 121 | 53-3 | 195/55 | 173 | 76-2 | 50 | 92) ian 
254 | 934] 124] 52-9| 130 | 55-5:| 178 | 76 | 50 | 20-3 | 12)oeuene 
254 | 298| 119| 522) 125| 548 | 169| 741 | 48| 21-1|14] 9) Y. 
254 | 222) 1920] 54 124 | 55-81 171 | 77 | 51 | 22:0) 151) ee 
253 | 294| 115] 51-3 | 121 | 54 172 | 76-7 | 53 | 23-7 | 14.) oahu 
253 | 925 | 119.1 52-8 | 125 | 55-5 | 172 | 76-41 48| 21-8 | 14) ewe 
251 | 292} 117 | 52-7 | 194 | 55-8 | 170 | 76-5149] 221 | 131 g | Ivew 
251 | 223 | 120] 53-8] 128) 57-4) 175| 78-4 | 48 | 21-5| 14) g | IV.-V. 
249 | 29181 113 | 51-8! 1221 55-9] 165 | 75-6 | 50 | 22:0.) anne ene 
249 | 999 | 118| 53-1| 122 | 549] 169-|--76-1 | 49 | 22 | 12) oun 
248 | 217| 115 | 52-9]. 119| 548| 165| 76 | 44| 90-3 | 14) 4 yee 
248 | 224 | 121'| 54 125 | 55-8 |—171 | 76-3 | 49 | 21-8 | 159) Oumanaae 
248 | 218 | 1181 54:1 | 192 | 55:9| 167 | 76-61 50 | 22-9 | 1s | oie 
24g | 991 | 114 | 51-5 | 119 | 53-8| 166] 75-1 | 46 | 20-6 | 139) ouenee 
247'| 22921 114) 51-3] 122| 549] 169] 761 | 49| 221 |14| 9] Vz 
245 | 215 | 114| 53 118 | 54-8 | 160 | 74-4 | 48| 2931/14) O]ew 
245 | 2901 113 | 51-3 | 119 | 5411 166| 75-4 | 48 | 21-8) Oumen 
245 | 915 | 112 | 52-11 117) 54-4 | 163 | 75:8 | 45 | 20-0 | 107 
244 | 211 | 112] 53 117 | 55-4 | 164 | 77-7|-45| 213115] 9] TVW 
o44 | 915 | 112] 521! 117 | 54-4 1°161 | 748 | 49 | 22-6 ) 14) 
244 | 2171. 110 | 50-6| 115 | 52-9| 162 | 746 | 481 22-3 | 13) @ eveeum 
244 | 219| 118 | 53-8) 121 | 55-2:| 165 | 75-3 | 48 | 23 |) ie) neou nnn 
244 | 2171 112 | 51-61 120 | 553 | 165 | 76 | 45 | 207 | ta0on 
o43 | 216 | 114 52:7| 119.| 55-11 162| 75 | 46 | 21-3) 1oueeou ene 
949 | 913 | 110 | 51-6] 117 | 54-8 | 161 |. 75-5 | 47 | 22-0 (ae 
241 | 213 | 108 | 50-7| 117 | 548 | 164| 77 | 48 | B25 30 
239 | 213| 109| 51-1| 116 | 54-4 | 163:| 76-5 | 45 | 214 | 15 one 
938 | 911] 111 | 52-6| 116 | 549| 161 | 76-3 | 45 | 21-3 | 12 ue 
238 | 211 | 109 | 51-6| 117 | 58-4 | 1611 763 | 45 | 213 | d50ne 
238 |. 211 | 113 | 53-5| 117 | 55-4 | 156 | 73-9 | 47 | 22-2 | 12s 
237 | 210| 107) 50-9| 114 | 54:3| 159] 75-7] 45| 214/14; 9] VY. 
236/210 | 109| 51-9| 116 | 55-2 | 155 | 73-8 | 47| 22:3 | 14) g lve 
236 | 208! 112] 53-8 | 116 | 55-8 | 161 | 77-4 | 47 | 22-6 | 14) @\ivenm 
235 | 210! 109) 51-9| 122) 58-1 | 162| 77-1 | 48| 228/131 g | IV-Ve 
221 | 196| 104] 53 107 | 54-6 | 1471|.75 | 43 | 21:9 | 14) 
| 22.29) 13-91 


SEA-FISHERIES LABORATORY. 335 


} MOELFRE 


CARNARVON 
BAY 


TREMADOC 
BAY 


BAIRDSEY 1. © 


CARDIGAN 
BAY 


“NEW QUAY Hp 


Sx DAVIDS HEAD 


@ SMALLS 


CARMARTHEN Bay 


<) 


BRISTOL CHANNEL 


Chart of Welsh Coast showing localities sampled. 


336 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


APPENDIX. 


A New FIsH-MEASURING BOARD. 


At the commencement of our herring measurements we 
were confronted by the difficulty that there was no apparatus 
suitable for rapidly and accurately making measurements of 
fish to the nearest millimetre. None of the boards actually 
in use could be used to measure more accurately than to 
half a centimetre, and any form of calliper is slow in use, 
even if accurate. Another objection to callipers is that the 
points are often so blunt that it is difficult to adjust them 
sharply to the desired pomt upon the body of the fish. 

It was to meet this need that this new board has been 
designed. It has been elaborated from our ideas and manu- 
factured by Mr. Pye, Mechanician to the Physics Department 
in the University of Liverpool. 

The actual board is of the usual pattern. Across one 
end is a wooden stop, against which is placed the extremity 
of the fish on which the measurements are to be made, the 
body of the fish being kept parallel to the edge of the board. 

Along one edge of the board is inserted a boxwood scale, 
oraduated in centimetres and millimetres. Parallel to this, 
and bracketed to the edge of the board, is a stout brass rod, 
square in section, running almost the whole length of the board. 
Along this rod travels the actual measuring apparatus. 
Fig. 1 shows part of the board, with the scale, rod, and 
measuring apparatus. 

A separate view of the latter, on a larger scale, is given 
in fig. 2. The base of this apparatus consists of a square 
tube, which fits the brass rod attached to the board, and is 
held in position by a pair of flat springs (shown clearly in 
fig. 1) pressing against the rod. 
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Fia, 1. Board with Measuring Apparatus in Position. 
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The inner surface of this tube (that next the board) has 
attached to it a poimter, which projects slightly over the 
scale on the board, being raised above it just sufficiently to 
allow it to travel freely without any danger of catching. 


Fic. 2. Measuring Apparatus. 


The outer surface is provided with a pair of pillars, forming 
a grip for the hand, between which is a thumbscrew by means 
of which the apparatus can be firmly clamped to the rod if 
desired. ) 
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The upper surface carries a stout brass pillar, upon which 
slides a square block which can be clamped in position by a 
thumbscrew. ‘To the inner surface of this block is attached 
a curved arm, carrying a tightly-stretched wire. This arm 
is hinged to the block, the hinge being accurately adjusted, 
so that when the arm is moved up or down the wire always 
travels in the one plane perpendicular to the surface of the 
board. Owing to this hinge, and to the sliding of the block 
upon the pillar, this wire can be accurately adjusted to any 
desired position upon the body of the fish, whatever its thick- 
ness. Then one looks down upon the wire, in line with the 
pointer below, when the desired measurement is read off 
accurately upon the scale. 

In actual practice we have found it desirable to set the 
wire by means of a line ruled across the board perpendicular 
to the edge of the scale. It is seldom necessary to move the 
block on the pillar ; unless the fish vary very greatly in thickness 
the swinging of the arm affords all necessary clearance. 

We have found this board very satisfactory, as it is both 
accurate and rapid in use. 
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REPORT ON THE EXAMINATION: OF MARINE 
DEPOSITS IN RELATION TO THE CONTENTS OF 
FISHES’ STOMACHS FROM THE IRISH SEA. 


By Rosert Ray, B.Sc., 
Lecturer in Zoology in the South African College, 
Cape Town. 


INTRODUCTION. 


In February, 1913, I took up this line of research at the 
suggestion of Professor Herdman, to whom I am greatly 
indebted, not only for the idea itself, but also for much subse- 
quent help and advice during the course of the investigation. 
This work would have been entirely beyond my reach, indeed, 
had it not been for his kindness in obtaining permission for me 
to use the Fisheries steamer, “‘ James Fletcher,” to collect the 
samples of bottom-deposits, gather data regarding the fauna 
associated with these deposits, and obtain supplies of fish- 
stomachs for examination in the laboratory. 

The title of this paper indicates an extensive investigation, 
and when I took up the work it became clear that, to obtain 
sufficient data for satisfactory conclusions, a considerable 
period of time would be required. I therefore drew up a 
course of work to cover at least two years, from which I hoped 
to gather sufficient evidence regarding the types of food 
consumed by the various food-fishes at different seasons of 
the year, and the movements of the fauna on the sea-bottom, 
to draw conclusions of a trustworthy and possibly important 
nature regarding the feeding-migrations of fishes. In pursuance 
of this plan I began, after the Haster vacation, the collection 
of fish-stomachs from the various fishing-grounds of the Irish 
Sea, and made a detailed examination of their contents in the 
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Zoological Laboratory at Liverpool University, intending to 
continue this portion of the work mainly until November, in 
order to gather a large amount of data regarding the actual 
food of the fishes before beginning the more detailed study of 
the bottom-deposits and the fauna found burrowing in and 
associated with these. Up to now, I have examined the 
stomachs of over 1,600 fish, but have done little to the deposits 
beyond collecting and preserving them and noting their general 
characters. This report can, then, only be looked upon as a 
preliminary account of the research, which would not have been 
published at this time were it not that I have had to give up 
this work in Liverpool on receiving an appointment in the 
University at Cape Town. It is in the hope that some future 
investigator in Liverpool] will take up and complete this work 
that I think it desirable to make available the following record 
of what I have been enabled to do under the peculiarly advan- 
tageous circumstances, which obtain in the University of 
Liverpool, for the successful pursuit of marine biological 
investigation. 


Previous RECORDS. 


Before proceeding to the results of my own work it may 
be well to refer, briefly, to similar work which has been done in 
the past, and especially to that carried on by the naturalists of 
the Liverpool Marine Biology Committee and of the Lancashire 
and Western Sea Fisheries Committee in the Irish Sea. 

Much important work has been done in connection with 
the food-fishes, their food, and the fauna in general associated 
with certain fishing grounds around our coasts by many 
distineuished naturalists, such as the carefully prepared reports 
drawn up by Professor McIntosh in his book “ The Resources 
of the Sea” (1899), in which investigations of the greatest 
value to the Fisheries of Scotland are described and the results 
tabulated. It is probable, however, that dealing as | am with 
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the food-fishes of the Irish Sea, local conditions will be found — 
to play a great part, and consequently I need only refer, at 
this stage, to work already done in the Irish Sea area. In 
the report, by Professor Herdman, on the work of the Sea 
Fisheries Laboratory* for 1892 and 1893 we find the first 
reference regarding local investigations on the food of fishes. 
These researches were carried on for four years, and a total of 
about 6,000 food-fishes were examined. These varied in size 
from about 4 in. upwards, and were taken from many points 
in that part of the Irish Sea lying between the Isle of Man and 
the Lancashire and Cumberland coasts. Much valuable 
information as to the general type of food consumed by the 
various kinds of food-fishes was obtained, but at that time 
no data were obtained regarding the food of fishes in the 
Western or Welsh District. Now, however, that the Fisheries 
_ district extends down the Welsh coast to Newquay, a more 
general survey of the whole of the Hastern half of the Irish 
Sea is rendered possible. 

During the researches carried on between 1892 and 1896 
many young fishes, especially plaice, dabs and soles, ranging 
in size from an inch upwards, were also examined, and this, 
I consider, is quite as important a part of the work as the 
examination of the stomachs of the more mature individuals. 
Unfortunately I have not had the time to carry out fully my 
original programme, which included the examination of these 
young fish. 

The general conclusions come to by Professor Herdman 
and his assistants, during their work on this subject, was that 
within certain limits certain fish fed for the most part on the 
same type of food, and that when this was not so, as occasionally 
happened, the reason was to be found in the fact that the 
particular kind of food usually eaten by these fish was tem- 


* Trans. Liverpool Biol. Soc., vols. VII and VIII. 
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porarily scarce, or that the organisms forming the unusual 
food were, for the time, very abundant. It is also suggested 
that the movements of fish in the Irish Sea may be accounted 
for, to a certain degree at any rate, by the movements or 
migrations of their food. 

The second part of my work, which includes the examina- 
tion and general distribution of the bottom-deposits of the 
Trish Sea, has also been touched on, to some extent, by previous 
observers. In the Highth Annual Report of the Liverpool 
Marine Biology Committee (1894-95), Professor Herdman gave 
a preliminary account of the submarime deposits of the Irish 
Sea. In this report a general outline was given of the contour 
of the bottom of that part of the Irish Sea lying between the 
Isle of Man and England. It was found that the Isle of 
Man and Lancashire were connected by a plateau, which 
except at a few places was never more than 14-16 fathoms 
below the surface of the sea. The surface of this plateau 
consisted for the most part of sand (siliceous) out to a depth of 
10 fathoms, but further out, between the 10 and 20 fathom 
line, this sand was mixed to a certain extent with mud, and 
was much diversified by gravelly and shelly patches, while 
local muddy tracts, due to eddies and currents, were not 
uncommon. The effect of certain types of deposits upon the 
distribution of the bottom fauna was also discussed, and it was 
found that undoubtedly the fauna varied from place to place 
with the nature of the sea-floor. Samples of the bottom were 
sent, at Sir Archibald Geikie’s request, to the museum of the 
Geological Survey in London, and the report of the Geological 
expert (Mr. Clement Reid) upon the origin of these deposits is 
contained in this and in the Ninth Annual Report of the 
L.M.B.C. (1895-96). 

In this Ninth Report the second article on the Submarine 
Deposits is chiefly devoted to giving reasons for modifying the 
“ Challenger ”’ classification of submarine deposits (‘Terrigenous 
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and Pelagic), so as adequately to represent the conditions 
obtaining in shallow waters like the Irish Sea. The classifica- 
tion proposed is as follows :— 

1. Terrigenous (Murray’s term restricted)—where the 
deposit is formed chiefly (say, at least two-thirds, 
66 °/) of mineral particles derived from the waste of 
the land. 

2. Neritic—where the deposit is largely of organic origin, 
its calcareous matter being derived from the shells 
and other hard parts of the animals and plants living 
on the bottom. 

3. Planktonic—(Murray’s Pelagic)—where the greater 
part of the deposit is formed of the remains of free- 
swimming animals and plants which lived in the 
sea above the deposit. 

It is evident that some such pe as the shore 
was very necessary. Murray’s term “terrigenous” was 
coined to represent those deposits which were formed from 
the wastage and weathering of adjoming land-surfaces. In 
the Irish Sea, however, where, from their position, the deposits 
ought all to be terrigenous, many are found to contain as little 
as 17 % of Silica, and are formed of the remains of bottom- 
living animals. Such deposits as these, examples of which are 
the Nullipore and Shelly bottoms, so common in certain areas, 
could not possibly, it is evident, be classified under the term 
““terrigenous’’ and, therefore, the new division was found 
necessary, and has been adopted. 

In the Proceedings of the Liverpool Geological Society for 
the year 1897-98, a most interesting and comprehensive paper 
is contributed by Herdman and Lomas, on the “ Floor Deposits 
of the Irish Sea.”’ In this paper it is shown how the deposits 
covering the bottom of the Irish Sea have been the result of 
(1) the denudation of the coasts, (2) the redistribution of 
the older deposits under the sea, and (3) vital agencies—the 
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remains of plants and animals living in the sea. Many 
deposits are analysed in a most detailed manner, but as the 
great majority of them were obtained from the West of the 
Isle of Man, or in the vicinity of that island, their work and 
mine do not overlap to any extent. 

Finally, I might just refer to the most interesting and 
important work on bottom-deposits, recently published by 
C. G. Joh. Petersen and P. Boyson Jensen, in the Report of 
the Danish Biological Station, Copenhagen, for the year 1911. 
In this paper the sources of the organic matter in the sea, 
and in the sea-water, are fully discussed, as well as the 
deposits of organic matter on the sea bottom. Many new 
methods have been adopted, with great success, in their in- 
vestigation, and some of them will, no doubt, be made use 
of in future researches of this type in the Irish Sea. 


Bottom DEPosIts. 


The samples which I have been able to collect and examine 
were all obtained in the portion of the Irish Sea lying North 
of Wales and between the Isle of Man and England. They 
are as follows :— 


I. ({fa.] 18/2/13. 25 miles W.N.W. of Piel Gas Buoy. 


This deposit consists, for the most part, of small stones, 
very fine quartz sand, and comminuted molluscan shells. 
On the whole it is fairly coarse. The stones vary greatly in 
size—ranging from the most minute particle up to one weighing 
2-4 orms. They are all well-rounded and smoothed, and the 
larger ones are encrusted with polyzoa and serpulids. A rough 
idea of the proportion of stones in the sample may be obtained 
from the statement that out of a total weight of 27-723 grms. 
the stones accounted for 10 grms. The composition of these 
stones varies so much that it is impossible to suggest with any 
accuracy their origin. Pieces of pure quartz are found along- 
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side chips of metamorphic rocks and schists, but these are 
all so small and weathered that it is impossible to obtain a 
fresh surface and thus gain a clue to their true identity. 

Shells and pieces of shells form a very large proportion 
of the deposit. Excluding the stones, fully .35°% to 40% 
of the remainder of the sample consists of the remains of 
molluscs—from complete valves down to the merest speck. 
Most of the genera obtained while trawling over this part 
of the Irish Sea are represented in this deposit. Pecten (many), 
Cardium, Tellina, Nucula, Trochus, Arca, Leda, Emarginula, 
&c., form the bulk of the unbroken shells, it being impossible 
to identify the smaller particles with any degree, of accuracy. 
A feature of these smaller shell-fragments is that, almost 
without exception, their edges and corners are well smoothed — 
and rounded, showing that after the original shells have been 
broken into pieces of a certain size (probably during their 
passage through the alimentary canals of fishes and _ birds), 
further comminution does not take place. Other organic 
remains found were pieces of echinoid spines, parts of 
echinoid shells, polyzoa, and a few Hchinocyamus pusillus. 

The true sand of the deposit consists of more or less — 
rounded and very minute grains of pure quartz. The varieties 
represented are those known as milky quartz and clear quartz 
or rock crystal. Mingled with the quartz grains are many 
minute specks of magnetite and mica (muscovite). The latter — 
must be distinguished carefully from the microscopic pieces 
of the nacreous layer of molluscs which are very abundant. 
These quartz grains make up the larger part of the deposit. 

Animal life was remarkably scarce in this sample, 
but I think this may be due to the fact that it was 
obtained by means of a dredge, which I had rigged up until 
a Lucas Grab could be obtained. Doubtless when samples 
taken by the Lucas Grab or by Petersen’s “Sampler” are 
examined the animal life will be found to be more abundant. 


SEA-FISHERIES LABORATORY. 347 


A few very small amphipods and some minute annelids com- 
prised the total found in this present sample. 


II. ([4b.] 18/2/13. 25 miles W.N.W. of Piel Gas Buoy. 


An examination of this deposit was made on similar lines 
to that followed in I. On the whole the two are very much 
the same, both in appearance and constitution. This sample 
was procured on the same date as I, at a pomt about 
half a mile further South. The small stones and shells form, 
as in the previous case, the characteristic constituents, although 
the proportion of the former is slightly higher than in the first 
case. All the representatives of the mollusca found in I were 
present in this sample also, with the addition of the following 
genera :—Dentalowm, Pectunculus, and Astarte. The shells are, 
I should say, in the same proportion as those in I, but there are 
more larger pieces and unbroken valves than in the first sample. 

The quartz sand is present as before. Hchinoid spines 
and pieces of shell, as well as a few zoophytes, polyzoa, and 
annelid setae, were also found. 


Ill. (46aand16b.] 17/4/13. 25 miles W.N.W. of Piel Gas 

Buoy. 

Two more samples were taken at this station on the 
17th of April—one before trawling, the other after the net had 
been hauled, so that the positions of the samples were 
separated by a considerable distance. The examination serves 
as confirmation of the fact that for a considerable area at this 
part of the Irish Sea, known to trawl-fishermen as the “ Hole,” 
the conditions obtaining at the bottom are fairly uniform. 
A comparison of these samples with those obtained on the 
18th February shows that there is little or no difference in their 
composition. Small stones, shells, and quartz sand _pre- 
dominate, and the various molluscan genera are practically 
identical. The following genera were identified in the present 
¥ 
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samples :—Pecten, Cardium, Nucula, Emarginula, Trochus, 
Dentalium, Arca, Solen, Buccinum, and one specimen of 
Eulimella scillae. 

Other organic constituents are echinoid spines, polyzoa 
(free and encrusted on the stones), serpulid tubes on the 
stones, a few terebellid tubes, Balanus, Echinocyamus pusillus, 
and zoophytes adhering to the larger shells and stones. 

A fact worthy of remark is that, although the stones, in 
these samples from the “ Hole,’ have no sharp corners nor 
rough edges, none of them are rounded and smooth after the 
manner usually associated with water-worn gravel. Add to 
this the fact that the great majority of them are absolutely 
encrusted with polyzoa, serpulid tubes, zoophytes, &c., and 
we have proof, I think, that in this particular area the currents 
and tides are not sufficiently strong to affect the heavier 
particles of the sea-bottom; and as many of the smallest 
stones support the growth of various organisms, it seems 
likely that at this, the deepest portion of the Eastern half of 
the Irish Sea (20-23 fathoms), there is practically no disturbance 
of the sea-floor at all. 


IY. (24.] 11/6/13. 23 miles W.N.W. of Piel Gas Buoy. 


_ In contrast to the samples obtained at the station ‘25 
miles W.N.W. of Piel Gas Buoy,” which were fairly coarse, 
this sample obtained only two miles away is very different. 
It is almost wholly composed of a very- fine quartz sand in 
which minute:pieces of some delicate molluscan shells are 
disseminated—probably some species of Solen or Tellina. 

This sand, as seen under the microscope, consists of very 
angular quartz grains for the most part, though a small pro- 
portion of rounded particles are also present. Magnetite is 
common in small specks. Many echinoid spines, a few annelid 
setae, and one or two “turnings” of polychaets were also 
found. Two samples were taken at this station on the above 
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date and were identical in every way. In general appearance 
they would be at once termed “ fine clean quartz sands,” but 
on shaking up in water it is found that a small quantity of 
very fine mud is spread throughout. In fact, it seems to be 


ce 


comparatively rarely that a “clean” sand is found in this 


North-eastern area of the Irish Sea. 


V. (8) 25/2/43. 20 miles N.W. 4N. of Piel Gas Buoy. 


A very small sample was procured at this station. It 
consists of a bluish-black, evil-smellmg mud. Under the 
microscope this mud is seen to be composed of very minute 
particles of quartz, along with an enormous proportion of 
extremely fine matter, which appears to be of undoubted 
organic origin. Carbol-gentian violet gives a distinct reaction. 
Besides the minute quartz grains there are a number of particles, 
white in colour, which seem to be the remains of fine molluscan 
shells. 

This mud is probably only local and due to a slight 
depression in the sea-floor, but more samples would require to 
be taken in the vicinity to determine this point. 


VI. {2.) 18/2/13. Near Bahama Ship. 


Two samples from this station have been obtained. The 
first, taken on 18th February, was obtained quite close to the 
South of the Light-ship ; the second was taken about 200 yards 
further South on the 16th of April. A glance at these deposits 
shows how the sea-bottom may vary, even within very small 
areas, and proves the difficulty of trying to map out, with 
any attempt at accuracy, the floor of the Irish Sea. 

Taking the first sample, it is found to consist almost 
entirely of pure quartz sand. The quartz grains are, for the 

most part, well rounded and worn, although fairly angular 
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particles, showing the characteristic conchoidal fracture, are 
by no means uncommon. The presence of oxides of iron is 
evident from the yellowish-red appearance of the deposit. 

Besides the quartz other minerals are represented to a 
small extent. Grains of magnetite are sparsely spread through- 
out the sample. Many of the grains of quartz have a distinctly 
greenish tinge, and this is probably due to chlorite, formed by 
the alteration of former furo-magnesian constituents of the 
original rock, from which the deposit has been formed. A few 
very minute chips of stone also are scattered throughout the 
deposit. | 

Organic matter is remarkable for its absence. After 
carefully searching the sample all I found was a few pieces of 
broken shells (Pecten and Tellina), one or two echinoid spines, 
and one small piece of a coral. On one of the larger pieces of 
shell an encrusting polyzoan was found. 


VII. (15.] 16/4/18. Near Bahama Ship. 


Turning to the second sample, a very different state of 
affairs is found. It consists entirely of stones, broken shells, 
and quartz sand, and, in general, resembles the deposits from 
the ‘“‘ Hole.’ ‘On examination, however, it is seen to differ in 
many important respects. Firstly, the proportions of stones, 
shells, and sand are different. In this deposit the most striking 
fact is the preponderance of stones, and especially small stones, 
over the other two main constituents. They vary from 
4.2 grms. in weight downwards, but the great majority 
are of uniform dimensions and small. They are well-rounded 
and water-worn, and evidently are subjected to a considerable 
amount of grinding as in not a single instance are growths 
(such as polyzoa) found upon the surface, this being in striking 
contrast with those got at the “Hole.” This is probably 
accounted for by the difference in depth, which at the “ Hole” 
was 22 fathoms and at the Bahama ship only 7 fathoms. 
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When the shells are examined the same evidence of motion 
and consequent grinding on the sea-bottom is forthcoming. 
Not a single unbroken example was obtained, and all were so 
worn that the identification of even the larger fragments was 
a matter of great difficulty and uncertainty. Those recognised 
were fragments of the followimg genera :—Trochus, Tellina, 
Mactra, Pecten and Nucula. The fragments of shells in this 
deposit are much smaller than those obtamed from the 
« Hole,” and do not by any means form such a large proportion 
of the total. 

The quartz sand is, on the whole, coarser than that obtained 
at the “Hole.” The individual grains are much larger and, 
if anything, more rounded, although the proportion of broken 
pieces showing conchoidal fracture is higher. 

Animal remains are scarce, a few echinoid spines and 
one small crab (Carconus) constituting the total. 

As will be seen it is quite impossible to draw any com- 
parison between these two samples obtained from the vicinity 
of the Bahama Ship. Before that could be done, and before 
any definite conclusions could be arrived at, a much larger 
number of samples would need to be taken. It seems to me, 
however, highly probable that as the general type of deposit 
over that part of the Irish Sea, between the Isle of Man and 
England, is one consisting, for the most part, of almost pure 
quartz sand, it is more than likely that the sample taken at 
the Bahama Ship in April represents only a local bank of stones 
and shells, and that the sample of February 18th indicates 
more correctly the true condition of the bottom. 


VIII. ([3.) 18/2/13. Between Bahama Ship and the “‘ Hole.”’ 


This sample was taken somewhat to the North of the 
mid-way point between the Bahama Ship and the “ Hole.” 
It consists mainly of small stones, shells, and sand (quartz). 

The stones are smaller and much fewer in number than in the 
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preceding cases, and they are absolutely free from encrusting 
matter of any kind. They are all well-rounded, smooth, and 
polished, and their composition is very varied. Before the 
origin of these stones can be ascertained, much purely 

geological work still requires to be done. 

The shellsand comminuted particles are numerous, although 
the bulk of this deposit 1s made up of quartz sand. There are 
very few complete valves, the majority being ground down 
to form a fine calcareous sand. The genera identified are as 
follows :—Nucula, Cardium, Tellina, Trochus, Emarginula, 
Venus, Turritella, and Cerithvwm. 

The quartz sand, which composes by far the greater part 
of the deposit, is formed of the varieties rock crystal and 
milky quartz. The grains are all more or less rounded, but 
many of them are fairly angular. 

Other organic remains in the sample are echinoid spines 
and pieces of the test, and many polyzoa. 


IX. ([417.] 17/4/18. Half-way between Bahama Ta and 
the “ Hole.” 


The sample obtained from this station 1s a very coarse 
one, composed of small pebbles, quartz grains, and organic 
débris (shells). The greater part of the deposit is made up of 
shells which, although mostly broken, are in large pieces, 
constituting a very coarse sand. There is also a large pro- 
portion of finely comminuted matter. The genera identified 
are as follows :—Pecten, Buccinum, Leda, Pectunculus, Nucula, 
Cardium, Tellina, Solen, Balanus, and Eulimella. Among the 
other organic remains were found the spines of echinoids, 
comminuted particles of the rays of ophiuroids, and several © 
specimens of EHchinocyamus pusillus. There is no suggestion 
of mud or any finely reduced matter, such as is sometimes 
found mixed with these coarse deposits. 
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The quartz grains are composed, for the most part, of rock 
erystal and are decidedly angular in appearance, although 
their edges and corners have been smoothed off. Grains of 
magnetite or titanoferrite are common, and there are a few 
pieces of what I take to be hornblende as well. 

The pebbles, which are by no means uncommon, are well 
polished and water-worn, but as several of them have polyzoan 
growths on their surfaces it is unlikely that they have undergone 
much erosion since being deposited in their present position. 


X. [4 and 13.) 18/2/43 and 16/4/13. Half-way between 
Bahama Ship and Selker Ship. 


_ Here we find a deposit of a totally different nature from 
any hitherto examined. Two samples were obtained from this 
station, one on February 18th, the other on April 16th. 
Both seem to be identical and consequently will be considered 
together. 

These deposits consist of a bluish-grey mud which possesses 
a peculiarly disagreeable and penetrating odour. When first 
obtained it is plastic and very sticky, but after standing for 
a week or two in concentrated formol it assumes the con- 
sistency of a stiff clay. On examination under the microscope 
it appears to be made up, for the most part, of grains of quartz 
of the most minute size as well as diminutive particles of 
matter evidently of organic origin. The quartz grains vary 
considerably in size, even in this extraordinarily fine state of 
comminution. Some are easily distinguishable under the 
microscope, but the majority are so minute as just to be 
recognisable and no more. Among the organic constituents 
were annelid setae, small echinoid spines, the comminuted 
remains of minute ophiuroid rays, and many particles of 
zoophytes—all of which might be carried long distances by 
currents and tides in a state of suspension in the water. 
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As no haul was ever taken with the trawl over this par- 
ticular area during my cruises, I cannot say what the fauna 
living on this deposit may be, but, judging from that obtained 
on the mud-banks off Duddon, it would not be prolific. 
Although many slides of this mud were examined, no living 
organism was found in it, but this does not, by any means, 
prove that it is destitute of life, the negative result which I 
obtained being probably the result of the dredge giving me a 
sample of the surface mud only, and I have little doubt that 
a sample obtained by means of the Lucas Grab would demon- 
strate the presence of a characteristic fauna. 

The questions now naturally arise—where does this mud 
come from, and why is it deposited in this particular place, 
which is surrounded on all sides by the characteristic sand and 
shell deposits of the North-eastern half of the Irish Sea ? 

In all probability the explanation is to be found in the — 
fact that the general direction of the currents in the Irish 
Sea is from South to North. Consequently all the 
minute and easily transported matter brought down by the 
rivers Mersey and Dee, besides the numerous other smaller 
streams, is carried in a state of suspension in a Northerly 
direction, and therefore, wherever there is a slight depression 
in the sea-floor, sufficient to cause an eddy, this fine mud is 
thrown down, and so accumulates to form a deposit, such as 
is found between the Bahama and Selker ships. Two such 
depressions exist in the area from which these samples were 
obtained—one on either side of a line drawn from the Bahama 
to the Selker ships. My samples were taken at a point . 
practically on the Southern lip of the Northern depression, at a 
depth of about 14 fathoms. . 

The peculiar and distinctive odour of this mud is caused 
by the quantities of decomposing organic matter found in the 
deposit. I made several smears of the mud, and tested for 
bacteria by staining with carbol-gentian violet. The result 
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proved, without the shadow of a doubt, that the deposit was 
literally swarming with bacterial organisms. I had intended 
testing for cellulose with chlor-zinc-iodine, and for pectoses by 
ruthenium-red, but, owing to lack of time, I have not been 
able to do so. 


KI. (6.) 24/2/43. Duddon Bank. 

This sample was obtained from Duddon Bank, from a 
depth of between 7 and 8 fathoms. It consists almost entirely 
of quartz sand, throughout which are scattered a few broken 
fragments of molluscan shells. When examined under the 
microscope, the quartz grains are found to be fairly well 
water-worn, although the majority have a decidedly angular 
form. They are composed almost wholly of the variety rock 
crystal, and are in most cases stained a yellowish-red by oxide 
of iron. 

This is decidedly the purest deposit of quartz sand obtained 
so far. The quantity of shells, &c., in it is negligible as com- 
pared with the total bulk. These shells consist, for the most 
part, of the comminuted valves of Tellana, but other molluscs 
obtained were Nucula, Venus, Solen and Scrobicularia. 

In this deposit I also found a large Turritella containing a 
small Hupagurus. Several legs of hermit-crabs, a very few 
echinoid spines, and part of one sabellid tube were also found. 
This sample was obtained before trawling operations were 
begun, and as our course while trawling was West, we soon 
left the bank behind and came on to the muddy area which is 
described in the next sample. 


XII. [7.] 24/2/43. 10 miles W. of Duddon Buoy. 


The sample obtained from this station proves, on examina- 
tion, to be practically identical with that from half-way 
between Bahama Ship and Selker Ship (see X above). 

The general appearance, colour, smell, and constitution 
agree in every respect. The mud is composed of minute 
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particles of quartz and organic matter of various kinds, too 
small for identification. The latter appears, if anything, to 
be more abundant in this sample than in X. As before, 
carbol-gentian violet proves the presence of great quantities of 
bacterial organisms. 

As to the presence of mud in this locality, it has been 
known for long that a belt of mud runs Northwards from off 
Walney Island to the village of Drigg, opposite the Selker Ship. 
The general run of the tides and currents in this part of the 
Irish Sea is from South to North. Now, the results of the 
experiments made some years ago by the Lancashire and 
Western Sea Fisheries Scientific Staff, with drift bottles, 
show that the majority of these bottles were returned to 
the laboratory from the neighbourhood of Duddon Buoy. 
Few drifted North of this point, although one or two did 
reach the Solway Firth. It would appear, therefore, that 
here the current, sweeping up from the South, meets the 
tide coming down from the North, with the result that 
about Duddon Buoy a “‘dead-water” is formed, with the 
consequent precipitation of the suspended matter. 

I can advance one other argument to prove that along 
the line of this mud belt there is slack water. When a ship- 
wreck takes place off the Mersey Bar, the fishermen say that 
in searching for wreckage and cargo they always make for the 
neighbourhood of Duddon, as the remains are invariably 
carried there and are sure to be found floating about over this 
mud belt. 


XIII. [28a and 23b.] 11/6/13. 5 miles W.S.W. of Duddon 
Buoy. 
Two samples were obtained and examined from this 

station. They resemble, very closely, those described from 

mid-way between the Bahama and Selker Ships, and from 

10 miles W. of Duddon Buoy. They are composed of exactly 


oe 
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the same constituents, except that the smell in this case is 
hardly perceptible, while the proportion of larger grains of 
quartz is very much higher than in the previously described 
samples. This, of course, might be expected, as the further 
to the South, the stronger will be the tides coming from the 
South, and therefore the larger particles will be more numerous, 
while a decrease will be observed in the very fine suspended 
matter. In this sample, however, there is no perceptible 
decrease in the amount of fine organic matter, and consequently 
it is safe to say that this point is well within the belt of dead 
water previously mentioned. 


XIV. [14.] 16/4/48. Selker Ship. 


In the deposit obtained at the Selker Ship a transition 
is seen to be taking place from the pure mud of the Duddon 
area back to the typical Irish Sea deposit of quartz sand and 
comminuted shells. 

Although a very large proportion of fine mud and organic 
matter is still found in this sample, the larger type of quartz 
grains are also common, and resemble those found in the 
sandy areas of the ‘“ Hole,’ between Bahama Ship and the 
“ Hole.” 

I shook up some of this sample with water in a large 
glass tube for a minute, and then allowed it to settle. The 
quartz sand separated out immediately and settled on the 
bottom, but after two hours the water was still murky with 
very fine suspended matter, although, certainly, the greater 
part of the mud had, by that time, been precipitated on the 
top of the quartz sand. 

A considerable number of pieces of shells were found in 
this sample, the majority of which seem to belong to the genus 
Tellina, but most of them were in such a fine state of division 
as to be unrecognisable. Spines of echinoids were fairly com- 
mon as well as annelid setae. Two fairly large specimens of 
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Nereis were found in the sample—in fact, I should imagine 
this type of deposit to be well suited for the support of 
polychaets. 


XV. [Sand 12.] 18/2/43. Morecambe Bay Ship. 


Two samples were obtained from Morecambe Bay Light- 
ship, but as the position varied slightly I shall describe them 
separately. No. 5 sample consists of an exceedingly fine 
quartz sand, throughout which are scattered small particles 
of very fine shell. The quartz grains in this case seem to be 
divided into two distinct types—(1) those which are rounded 
and apparently well water-worn, and (2) those which are 
angular in shape. 

Many of them are tinged yellowish-red by iron oxide. 
Maenetite grains are common. On the whole this is a fine 
clean sand, much of it being excessively fine. The pieces of 
thin shell found in it seem to belong to the genera Tellina and 
Solen. Other complete valves discovered in this deposit are 
Venus, Mactra, and a single example of a large Twurritella. 
A few echinoid spines and annelid setae are also present. 

No. 12, which was obtained in the same locality, shows 
a gradation from the fine clean sand of No. 5 to a pure mud. 
In appearance it is bluish-grey, and possesses the distinctive 
odour already mentioned as being characteristic of the muds 
near Duddon. On being shaken up with water, however, 
in a large glass tube, it is seen that a considerable amount of 
fine quartz sand is present, as it settles down at once while the 
mud proper takes hours to precipitate, forming a layer above 
the sand. The sand consists of quartz grains, similar in every 
way to those of sample 5. The mud is composed of extremely 
finely-divided particles of quartz, plus a large quantity of 
minute organic matter giving a distinct reaction with carbol- 
gentian violet. In it many annelid setae are found, while a 
few echinoid spines and comminuted pieces of Solen and Tellina 


1 
| 


SEA-FISHERIES LABORATORY. 309 


shells are scattered throughout. On examination of this 
deposit several small annelids and one large Nerezs were found. 

Judging, very roughly of course, by the height of the 
respective layers of sand and mud which formed, after shaking 
up in a glass tube, the proportion of mud to sand appears to 
be about 5 tol. Ina wet condition this deposit is exceedingly 
viscous and sticky, and when dry assumes the aspect of a fine 
powder from which the larger quartz grains stand out distinctly. 


XVI. [41.] 26/2/13. 15 miles S.W. of Morecambe Bay Ship. 


This sample is a most heterogeneous one. In the first 
place it is composed of small stones, shells, quartz sand, and 
very finely-divided mud. The stones are not very common, 
and vary considerably in size. They are all well rounded, 
but, as in one or two cases growths of zoophytes are found 
upon their surfaces, the erosion could not have taken place 
since they were deposited in their present position. Com- 
minuted shells make up a considerable proportion of the total 
mass, and are of all sizes from complete valves down to the 
minutest speck. Tellina, Mactra, Nucula, Pecten, Venus, and 
Cardium seem to be the commonest genera present. 

The quartz grains, forming the sand, are all pretty well 
rounded and worn, but many angular pieces are also present. 
A fair number of these are coloured by iron oxide. Magnetite — 
and small pieces of what appears to be slaty material are 
found—the former in fair abundance. Throughout the whole 
deposit a fine mud is found—ain fact this sample resembles 
pretty closely the second deposit described from the Morecambe 
Bay Ship. The proportions of quartz sand and mud, however, 
are more nearly equal in this case. The constitution of the 
mud appears to be very similar to that described for previous 
samples. 

In this deposit a great number of terebellid and sabellid 
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tubes were found, and the polychaets, themselves, were 
frequently found in the tubes and also free in the mud. 
One small Galathea was also found, as well as several small 
amphipods, ophiuroids, and echinoid spines. 

, The fauna of this sample seems to show that the sea- 
bottom, at this particular point, is suitable for soles, plaice, 
and dabs, and this expectation is partly, at any rate, confirmed 
on an examination of my trawling records. 


XVII. [9a and 9b.] 26/2/13. 20 miles S.W. of Morecambe 

Bay Ship. 

On arriving at this station it seems that the mud has 
disappeared again, for this sample consists of a beautifully 
clean, but very coarse deposit of small stones, shells, and sand. 
As the two samples obtained are identical in every way I shall 
describe them as one. | 

The stones appear to be well water-worn, but as they are 
covered in most cases by growths of organic matter, the 
erosion must have been done previous to their arrival in their 
present position. In some cases they support the growth of 
zoophytes, serpulae, and botrylloids, while a small ascidian is 
found in one case. The shell sand is very rough—the majority 
of pieces being large. Many genera are represented, those 
identified being :—Nucula (many), Venus, Pecten, Balanus, 
Trochus, Cardium (many), Syndosmya and Lima. The quartz 
sand consists of a mixture of rounded (or partially rounded) 
and angular grains, the number of the latter being in the 
ascendancy. Many of these are stained by iron oxide. Magne- 
tite or titanoferrite is common. The quartz grains are, on 
the whole, fine. 

Besides the invertebrates mentioned above as occurring 
on stones in the deposit, several pieces of sabellid tubes were 
found, while echinoid spines and branching polyzoa were com- 
mon. No trace of mud is noted. 
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XVIII. ([18.] 26/5/13. Off Blackpool (North Shore). 


Several samples were examined from this station, each 
and all of them proving to be of the same composition. By 
far the greatest part of this deposit consists of pure quartz 
sand, the grains of which are very uniform in size. They are 
well polished and rounded, a large proportion of them being 
stained by oxide of iron. Particles of magnetite are commonly 
distributed throughout, as well as a few pieces of what appears 
to be a micaceous sandstone. The organic constituents are 
formed of commuinuted shells of Tellina, Donax, Scrobicularia, 
and Mactra, but these pieces are so minute as to make identi- 
fication a matter of considerable difficulty. Hchinus spines 
are fairly common. 


XIX. ([22.] 29/5/43. 6 miles N. of Great Ormes Head. 


This deposit is made up for the most part of well-rounded 
quartz grains. They are considerably larger, on the whole, 
than those of any previously described samples. A fair 
proportion of them are coloured by iron oxide. Magnetite is 
pretty common. Shell fragments and particles are common. 
Few of them can be recognised, but the following is a list 
of those identified :—Cardium edule, Tellina, Venus, Mactra, 
Scrobicularva, Donax and Purpura. Besides these shells echinoid 
spines are fairly common ; one small Spatangus was obtained, 
and a few worm castings. Small stones are found here 
and there, but they are rare. A small proportion of mud is 
also present, but it is hardly noticeable except as a very thin 
film lying on the top of the sample after the latter has been 
standing at rest for some time. 


XX. [10.] 26/2/13. 10 miles N. of Great Ormes Head. 

In passing over the four miles which lie between this 
station and the last one (6 miles N. of Great Ormes Head), it is 
evident that the area of fine sand has been left behind—at any 
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rate, the present sample is the coarsest that I have examined. 
It is composed almost wholly of small stones and large shell- 
fragments, and would be termed a “ shelly ” deposit. Few 
complete valves are present, but the fragments are sufficiently 
large and fresh in most cases to make their identification 
possible. The genera recognised are :—-Pecten, Cardiwm 
(many), Nucula, Mactra, Donax, Emarginula, Trochus, Balanus, 
Mytilus and Venus. | . 

The stones, which are numerous, are fairly uniform in 
size—that of a small pea—and well water-worn. No sign of any 
erowth of any kind is seen upon their surfaces, and, as the 
deposit is an absolutely “ clean ” one, I imagine the tides and 
currents are pretty strong, and consequently there follows a 
proportional amount of erosion on the sea-bottom. 

Besides shells and stones, grains of quartz are also found 
in fair abundance. These grains are large, composed of rock 
crystal, and most of them are well-rounded. They are really 
too large to be termed grains in the general acceptance of the 
term. | 

Branching polyzoa, small Spatangus, several Echinocyamus 
pusillus, tubes of Sabellaria and Serpula, as well as echinoid 
spines are of pretty frequent occurrence. 


XXI. [24.] 29/5/13. Red Wharf Bay. 


Two samples were obtained from this station on the above | 
date. As they are identical in every way, the same description 
will stand for both. 

The deposit consists of a fine sand, composed of small 
quartz grains and finely comminuted shells. The quartz 
erains are mostly fairly. well water-worn, but angular particles 
are of frequent occurrence. Many of them are coloured by 
iron oxide. Magnetite or titanoferrite is pretty common as 
black specks. The fine state of comminution of the shell 
fragments is due to the fact that the majority of these are 
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Tellina—which, of course, have very delicate valves. Other 
shells found in a more or less complete condition are Mactra, 
several large Solen, several Mytilus, one Cardium edule. 

Besides quartz sand and shells, there is quite a fair amount 
of mud present, which is in a finely divided state and takes a 
long time to settle down. 


Foop oF FISHES. 


The fish I was enabled to dissect on the trawling expedi- 
tions numbered 1,610, and were obtained from 31 different 
hauls. As some of the localities trawled over do not correspond 
with any of those from which the deposits described above 
were obtained (both sets of samples being collected with the 
intention that they should form part of a much larger series, 
which would cover practically the whole district), 1t seems 
probable, on inspection of the tables that have been prepared, 
that no useful purpose would be served by publishing the 
detailed data obtamed from each haul at this early stage of 
the enquiry. The data will be kept in the laboratory for the 
use of those who may continue this investigation in the future, 
but for the present only a summary of the results for each 
kind of fish will be printed here. 


Ray (Raza clavata, Linn., and others). 


In all, 199 fish (several species of ray), ranging in size 
from 8 to 84 cms. in length, were examined. They were 
obtained from 9 hauls at 6 different localities, ranging from 
Duddon, in the North of the District, down to Carnarvon Bay. 
All these hauls were in April, May or June. 

An examination of the tabulated lists show that the chief 
food of the various species of ray examined is undoubtedly 
crustacea. 

Of the 199 stomachs examined, 19 were empty, while all 
the others contained recognisable food. In order that the 
D 
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results may be seen at a glance, 1 append the following list of 
the number of stomachs containing the various types of 
food :—1 zoophytes, 1 echinoid spines; 36 Crangon, 6 prawns, 
47 Eupagurus, 37 Portunus, 5 Hyas, 5 Stenorhynchus, 15 crayfish, 
12 Carcinus, 25 Corystes, 3 Galathea, 3 Mysis, 29 Idotea, 49 
amphipoda, 30 crustacean remains, 3 Aphrodite, 35 Nereis, 
11 Nephthys, 19 annelida (digested), 8 Solen, 2 Buccinum, 
2 Tellina, 1 Mactra, 1 Trochus, 1 Pecten, 2 Loligo media, 6 
molluscan remains, 4 Gobius minutus, 1  dragonets, 
1 solenettes, 3 herring, 9 sand. | BLE 


SKATE (Rava batis, Linn.). 


Of this species, 18 fish, from 9 to 110 cms. in length, were 
examined. They were obtained from 4 hauls, in April and 
May, at localities ranging from Duddon to Morecambe Bay. - 

As in the case of the ray, crustacea seem to be their chief 
food. The following is a synopsis of the food contained in 
the various stomachs:—l empty, 11 Crangon, 3 prawns, 
4 Eupagurus, 1 Portunus, 1: Hyas, 1 Carcinus, 1. Gammarus, 
1 amphipoda, 2 annelida, 1 Philone, 3 grey gurnards, 1 plaice, 
3 soles, 1 solenettes, 1 dragonets, 1 whiting, 6 fish-remains. 

YeLLow Gurnarps (Lrigla lucerna, Linn.). — 

In all, 79 fish were obtained from 4 hauls in May and one 
in June; one haul was in Carnarvon Bay, the rest in the 
North of the District. The length of the fish varied from 9 
to 44 cms. : | s 

The following i is the synopsis of their stomach- contents — 
30 empty, 1 ophiuroids, 10 Crangon, 1 Eupagurus, 4. Portunus, 
1 Hyas, 1 Stenorhynchus, 1 Carcinus, 17 Corystes, 2 Galathea, , 
1 Nucula, 1 Solen, 3 amphipoda, 1 Loligo media, 5 Aphrodite, 
3 soles, 4 solenettes, 1 dabs, 1 plaice, 1 megrims, 2 Ammodytes, 
14 fish-remains, 1 indistinguishable matter, 2 stones (fairly 
large), 1 sand. | 
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- It is obvious from a glance at the above, that crustacea 
and fish compose the main food of yellow gurnards. 


Rep GuURNARDS (Trigla cuculus, Linn.). 


‘Three hauls in May (one from Carnarvon Bay) - yielded 
106 red gurnards, ranging from 10 to 44 cms. in length. 
_ ~ As in the case of the yellow gurnards, crustacea and fish 
are the main constituents of their food as shown by the following 
synopsis :—30 empty, 3 zoophytes, 2 Flustra, 4 Aglaophema, 
11 Eupagurus, 36 Hyas, 11 Stenorhynchus, 16 Carcinus, 26 
Portunus, 14 Crangon, 3 prawns, 3 crayfish, 8 amphipoda, 
4 Galathea, 2 Pecten, 3 Gobius minutus, 1 Ammodytes, 
6 small stones and sand. 


PuaicE (Pleuronectes platessa, Linn.). 


From 12 hauls, at 10 localities in various parts of the 
district, were obtained 501 plaice. They ranged from 12 to 
48 cms. in length. The hauls were taken in April, May, and 
June. 

The staple food of this fish seems to be mollusca and 
annelida, as can be seen from the following:—85 empty, 
2 zoophytes, 40 ophiuroids, 6 Echinus spines, 8 heart-urchins, 
2 Eupagurus, 5 Crangon, 70 amphipoda, 3 Idotea, 122 Solen, 
88 Tellina, 25 Scrobicularia, 154 Donax, 7 Cardium, 15 Mactra, 
1 Pecten, 6 Philine, 1 Lima, 1 Lutraria, 27 Nucula, 7 annelida 
(unrecognisable), 1 Polynoé, 59 Nereis, 26 Arenicola, 67 sabellids, 
4 Aphrodite, 145 terebellids, 7 Nephthys, 1 nudibranch, 1 
Gobius minutus, 1 fish-remains, 171 sand. 


Dass (Pleuronectes limanda, Linn.). 


Altogether 529 dabs were examined. These were obtained 
from 15 hauls at 13 localities throughout the district, on various 
dates in April, May, and June, and the specimens measured 
from 9 to 31 cms. 
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The following is a synopsis of the food found in these 
stomachs :—67 empty, 94 zoophytes, 101 ophiuroids, 29 
echinoid spines, 7 Crangon, 1 prawn, 69 Hupagurus, 22 Portunus, 
3 Carcinus, 5 Stenorhynchus, 2 crayfish, 7 Corystes, 1 Hyas, 
1 Mysis, 3 Idotea, 3 parasitic copepods, 28 amphipoda, 40 
chitinous crustacean remains, 12 annelida (unrecognisable), 
13 Nereis, 20 Arenicola, 8 Aphrodite, 46 terebellids, 1 serpulids, 
22 sabellids, 1 Nephthys, 1 Eulalia viridis, 6 Ophioglypha, 
142 Solen, 7 Mactra, 8 Pecten, 6 Scaphander, 2 Scrobicularia, 
23 Donax, 57 Tellina, 5 Cardium, 1 Lacuna, 15 Philine,6 Nucula, 
1 Syndosmya, 2 Bucconum, 2 Pleurobranchus, 1 Ascidia, 1 sprats, 
1 herrings, 43 Gobius minutus, 4 a al 78 comminuted 
shells and sand. oe ans 

From the above it is seen that the dab is an omnivorous 
feeder, but that crustacea, mollusca, and annelida predomi 
is evident. 


Lemon Sours (Pleuronectes microcephalus, Don.). | 


Lemon soles were obtained at two localities (4 hauls) 
only, namely, 25 miles W.N.W. of Piel Gas Buoy and 5 miles 
W.S.W. of Duddon Buoy. Two of the hauls were taken in 
April, one in May, and one in June. As there were only 
9 lemon soles (19 to 34 cms. in length) in these hauls, no great 
weight can be attached to the results shown here, but I tabulate 
‘them for what they are worth. As far as can be judged from 
these results, annelida seem to be their main food. ‘ei 

4 Nereis, 3 terebellids, 2 Serpula reversa, 1 sabellids, 
1 Nephthys, 1 molluscan tissues, 1 amphipod 


Sotes (Solea vulgaris, Quen.). 


Soles were obtained in 7 hauls at 6. localities | (one in 
Carnarvon Bay) in April, May, and June. — | 
A total of 83 fish (from 11 to 40 cms. in lengthy were 
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examined, and, of these, 16 were empty. Annelida seem to be 
their chief food. The following is a list of the various types of 
food consumed by soles, and the numbers of stomachs in 
which each type is found:—16 empty, 4 echinoid spines, 
3 heart-urchins, 9 ophiuroids, 1 Crangon, 4 Eupagurus, 
1 Portunus, 4 Idotea, 2 euphausids, 2 zoeas, 3 crab-remains, 
2 annelida (unrecognisable), 15 terebellids, 7 Avenicola, 19 
sabellids, 22 Nereis, 1 serpulids, 2 Aphrodite, 1 Halosydna, 
25 amphipoda, 12 Solen, 4 Cardium, 10 Tellina, 1 Mactra, 
7 Philine, 1 blennioid fishes, 1 mud, 21 sand. 


Cop (Gadus callarias, Linn.). 


Cod were found in 11 hauls at 6 localities (one 11 miles 
N. by E. from Llandudno Pier, the rest in the North of the 
District). Of these hauls eight were taken in February, 
two in April, and one in May. 

Altogether 33 cod (measuring from 24 to 102 cms.) were 
examined, of which 2 were empty. Fish and crustacea seem 
to be their principal food as shown by the lists :—2 empty, 
2 anemones, 7 Hupagurus, 6 Crangon, 4 prawns, 14 Hyas, 12 
Nephrops, 2 edible-crabs, 7 Portunus, 2 Stenorhynchus, 2 
Turritella, 1 Pecten, 3 Buccinum, 1 Cardium, 1 Eledone cirrosa, 
2 annelida (unrecognisable), 6 Aphrodite, 11 whiting, 3 red 
gurnards, 1 herring, | flounder, 2 plaice, 5 soles, 5 solenettes, 
4 dabs, 1 dragonets, 1 Ammodytes, 7 fish-remains, 2 large 
stones. 


Poor Cop (Gadus minutus, Linn.). 


One haul on May 14th at 25 miles W.N.W. of Piel Gas 
Buoy yielded 8 poor cod, measuring from 13 to 29 ems. The 
following list shows their stomach-contents :—4 Hupagurus, 
4 Carcinus, 2 Hyas, 1 Crangon, 3 amphipoda, 1 Pecten, 1 Gobius 
minutus, 
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Waitine - (Gadus merldigus, Linn.). 


"Whiting were only present in 2 hauls, one on Apal 29nd 
at 13 miles S.W. of Morecambe Bay Ship, and one on May 14th ~ 
at 25 miles W.N. W. of Piel Gas Buoy. Their lengths varied 
from 17 to 35 cms. : 

The number obtained for aarti was SO small (13) 
that the results given here must only be taken for what they 
are worth. Of the 13 whiting examined 2 were empty, 5 
contained Crangon, 1 amphipoda, 1 crab-remains, 1 nereids, 
1 Flustra, 4 Pecten, 1 Patella, 3 Gobius minutus, 1 sprat, , 
2 herring, 2 clupeoid fishes. 


PoLLAcK (dages pollachius, Linn.). 

The haul on May 14th at 25 miles W.N.W. of Piel Gas 
Buoy had 10 pollack, varying in length from 28 to 72 cms. 
The following shows their stomach-contents:—9 prawns, 4 
fish-remains, 1 whiting, 1 sprats, 1 minnie ee 1 ie’ 
cirrosa. | 

Meerims (Lepidorhombus megastoma, Donovan). 

The same haul yielded 2 megrims, measuring 14 and 25 
cms. One contained Crangon, 2 Gobius minutus, 1 fish-- 
remains. : : 

BRILL (Rhombus laevis, Rondel.). 

Three hauls on May 27th and 28th at 3 loculnaae in 
Carnarvon Bay contained brill. They measured from 27 to 
56 cms. 

Of the 18 obtained 3 were empty, 1 contained Eledone 
cwrrosa, 6 Loligo media, 2 soles, 3 SELLE, 2 plaice, 1 Gobsus 
minutus, 3 fish-remains. 


TurBot (Rhombus maximus, Linn.). 

One specimen obtained on May 29th at 6 miles N. of Great. 
Orme’s Head contained 2 large whiting, and many bones of. 
fish; and one from 25 miles W.N.W. of Piel Gas ee on 
June 11th contained fish-remains, 4 
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AN INTENSIVE STUDY OF THE MARINE 
PLANKTON AROUND THE SOUTH END OF 
’ THE ISLE OF MAN.—PART VII. 


oy W. A. Herpman, F.R.S., Anprew Scort, A.L.S., 
7 and H. Manet Lewis, B.A. 


This Part gives a brief account of the results obtained 

during 1913—the seventh year of our detailed analysis of 
the plankton collected week by week at Port Erin. Our 
intention is to complete, if possible, ten years of continuous 
observations before bringing this scheme of work to a 
conclusion. At the time when this is being written, the 
eighth year’s work has been well inaugurated by the taking 
during the period of the vernal phyto-plankton of over 
a hundred special hauls, in addition to the usual weekly 
gatherings in Port Erin Bay. 
_ The division of labour has been practically the same 
as in the case of previous reports. The work at sea during 
April, 1913, was carried on, as before, from the yacht 
“Runa,” with the very efficient help of Mr. H. G. 
Jackson, M.Sc.; while in Port Erin Bay Mr. Chadwick and 
Mr. Cregeen, of the Biological Station, collected and 
preserved about six samples a week throughout the year— 
two with a fine net (No. 20 silk), two with a coarser 
(No. 9 silk), and two vertical hauls, from 5 fathoms, at the 
mouth of the bay. | 

The authors have divided between them the rest of the 
work—the examination and calculation and writing out 
of the results—on the same plan as in previous years. 

We do not regard the present report as an exhaustive 
statement of the results to be obtained from a study of 
the material collected. These are only of the nature of 
interim reports. All our samples are carefully retained, 
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and the detailed lists of identifications and numbers are 
filed for future reference, and we hope, when the series of 
observations is completed, to undertake the revision and 
re-consideration of the whole. 

In the meantime we think it useful to issue this 
report on the more noteworthy features of the year’s 
plankton, and on any new points that we pe require 
mention or discussion. : 

For fuller information in regard to our methods, 
and for the results so far obtained, we must refer readers 
to the preceding six parts of this report (for 1907-1912). 


MATERIAL AVAILABLE. 


The collections during 1913 have amounted to 405— 
all taken within the same limited sea-area off the Isle of 
Man as in former years. Our table for the whole series 
of samples from the beginning of the investigation is now 
as follows :— 


At Sea, from Yacht. In Bay 
Year, mm — fhroughae Totals, 
Spring. Autumn, Year. 
1907 218 279 138 635 
1908 156 242 157 555 
1909 329 147 231+49 756 
1910 107 249 52 
1911 120 84 314 518 
1912 87 0 299 386 
1913 82 41 282 405 
Totals 1,099 1,042 1,766 3,907 


As further material available for comparison, it may 
be noted that the fishery steamer “James Fletcher” has 
taken a large number of plankton hauls in other parts of 
the district during the past year, and these have been 
worked up by Mr. Riddell; while other samples were taken 
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from the yacht “ Runa,’ during the summer, off the West 
Coast of Scotland, and these have also been worked up and 
reported upon in this volume. 

No change has been made in the nets employed or in 
the method of using them (see former reports). 


PLANKTON OF PorRT Teas Bay in 1913. 


As in the last few years, the plan of work has been to 
take two horizontal (coarse and fine nets), and one vertical 
haul twice each week throughout the year—that is, about 
24 hauls per month. In actual practice the numbers 
during 1913 were as follows :— 


Months ...... eee PV VO VE VEL) VEE | TX |X| XE] XE 


SS ee ee ee ee ee ee 


No, of Hauls | 24 | 21 | 24 | 24 | 27 | 24 | 30} 24 | 27/18) 21 18 


Over 24 hauls were thus taken in three months, and 
less than 24 in four months. Bad weather in October and 
December reduced the number to 18. But on the whole, 
the work has been carried out for us by Mr. Cregeen with 
great regularity. 

As on previous occasions the vertical hauls at the 
mouth of the bay are found to agree very well with the 
larger surface hauls obtained on the same occasions. 

The curve for the total plankton reaches to about 
the same height at the vernal maximum as in 1912, but 
the secondary rise in autumn does not this time attain to 
half the height of that in the previous year, and to less 
than one-fourth of the point reached at the vernal 
maximum. 

We give here, as in previous years, a table showing 

the monthly averages of the total catch and of the chief 
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groups of the plankton per haul of the standard net (coarse 
and fine nets together forming one standard “double 
haul’’). The maxima are printed in heavier type. 


1913. Double | Average | Diatoms. | Dinoflag- | Copepoda. | Copepod. 


hauls, catch, ellates, nauplii, 
January ...... 8 3°6 23,585 657 4,011 | | 1,144 
February ... i 36 59,510 2,767 3,877 4,117 
Marehysy 02:3. 8 6:7 372,575 6,157 5,723 |. «24,062 
Apr eee: 8 27-3 3,007,444 5,541 8,222 23,894 
MB 2 ides -ces 9 40-1 26,927,403 30,422) . 11,011 17,189 
UME * csscsss. 8 33:8 3,010,827; .104,131| 51,851 | 34,150 
Maly sevassee0s 10 25-2 3,279,375, 145,385} 54,117 27,370 
August ...... 8 7:3 94,110 69,736 29,751 25,405 
September 9 8-4 187,578 6,872 39,163 25,089 
October ...... a 3°9 10,170 563 19,961 12,443 
November ... a 4-0 92.03liny | 51s 30,697 12,284 
December . 6 2:8 36,697 6,015 8,283 2,552 


From this table we see that the spring maximum was 
in May, as it was in 1911, but the increase began earlier, 
and continued later than in that year. The actual largest 
haul was 72°2 c.c. on May 16th. In 1912, we noticed that 
the maximum: was spread over a considerable length of 
time, namely, from March to June, with the highest point 
in June; this year it is of the same duration (four months), 
but is from April to July, agreeing in this respect with 
1910.. The September maximum is much lower than in 
any previous recorded year, the largest catch being 
15°2 c.c. on the 18th, and the average for the month only 
84 c.c., as against 23°4 c.c., 16°38, 15°6, and 12°1 in the 
last four years. ‘ 

It will be noticed on the table that the maximum of 
the Dinoflagellata and the Copepoda (July) occur much 
later than that of the Diatoms (May)—the Dine 
being distinctly later than usual. 
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DIATOMS. 


It would seem at first sight, from the table given 
above, that the spring Diatoms compared very favourably 
as regards numbers with other years, and certainly the 
maximum is spread over a rather longer period than usual. 
There were over 4 millions present on two occasions at the 
end of March, and on July 24th there were over 8 millions, 
and July 28th nearly 2 millions. But the numbers 
generally were lower, and the monthly average (nearly 
27 millions) given for May is rather misleading as, 
if we deduct the number obtained in two hauls of a single 
species, the average for the whole month of all the Diatoms 
is reduced to less than 44 millions. The species in 
question is Asterionella japonica, of which 12 million 
individuals were obtained on May 15th, and 192 millions 
on May 16th. And this is the more remarkable in that 
Asterionella japonica is an unusual species to be present in 
any abundance in our district. The way in which, on one 
occasion, one species, and on another a different species, of 
Diatoms appears in great profusion, so as to be represented 
by millions of individuals in one of our standard hauls, 
suggests that at a time favourable to the growth and 
reproduction of spring Diatoms in general, it takes very 
little to give some slight advantage to one of the numerous 
competing forms, so that it is enabled to forge ahead, 
and for a short time, at least, far outnumber all the rest 
so as to give rise to what appears as a “ Rhizosolenia,” 
or a ‘‘Chaetoceras,” or, as in this case, an “ Asterionella ” 


phyto-plankton. 


Tue More Important Genera OF Dtatoms. 
As in former years, we add here a short summary of 
the distribution throughout the year of the more important 


Diatoms, 
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Biddulphia.—This genus is again, as in 1912, repre- 
sented by a few thousands and tens of thousands only from 
January to May, and by rather smaller numbers from 
September to December. It is entirely absent in June, 
July, and August. In the three years previous to 1912 
the numbers reached six figures at the time of the spring 
maximum, but in 1912 the maximum was only 88,240 
(March 11th), and this year only 90,750 (April 24th); and 
this year the secondary maximum was much smaller and 
later than in any of the other years, reaching only 20,800 
on December Oth. 3 

The above figures represent both species, B. mobilienszs 
and B. sinensis, taken together. BB. sinensis, as usual, does 
not make its appearance until late in November, while 
B. mobiliensis is frequent from September onwards. Both 
species continue to be represented throughout the spring 
and early summer, but B. mobiliensis is generally in con- 
siderably larger quantities. 

Chaetoceras——In the last three years this genus was 
present in enormous quantities in spring (nearly 95 
millions on April 29th, 1912), and had also a high autumn 
maximum (nearly 30 millions in 1912). This year, 
although still the most abundant Diatom in the plankton, 
the numbers are not nearly so high, and the highest record 
is only 7,422,000 on April 7th, while in September the 
numbers only reach 857,500 on the 18th. The monthly 
average for May is, however, slightly higher than that for 
April—between two and three millions in each case. 

Coscinodiscus—The genus was well represented during 
the first six months of the year, starting with a few 
thousands in each haul in January, reaching 500,000 (the 
maximum) on April 7th, with the monthly average for 
April nearly 200,000, dropping to a few thousands again 
at the end of May, and to a few hundreds at the end of 
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June. It was then entirely absent from our nets (except 
in one haul on September 11th, when 50 were taken) until 
November Ist, and the highest record from then till the 
end of the year was under 14,000. 

Rhazosolenca.—Leaving out of account the abnormally 
high records for RAzzosolenza in 1912, our numbers for the 
spring and summer of 1913 agree fairly well with former 
years. It is represented by occasional hundreds only until 
April, when we get a few thousands; it reaches 706,000 on 
May 16th, 5,176,000 on June 14th, but the actual maximum 
is this year in July, not June, with 8,258,000, on the 24th. 
The numbers then fall to a few tens by the beginning of 
September, rise to 19,500 on September 18th, and fall — 
again to zero by the middle of October. The genus is only 
represented on four occasions from November 25th till the 
end of the year. | 

Thalassiosira.—The maximum was, as 1n most years, 
in May, with 6,580,000 on the 16th, but on no other 
occasion did the numbers reach the millions. The genus 
had disappeared by June 17th, and there was no autumn 
increase, only one haul from that date to the end of the 
year containing any specimens at all (viz., November 29th, 
with 50). 

# Guinardia.—The numbers this year are not so high 
as in 1912, but are much higher than in 1911. They begin 
“to increase towards the end of March, reach six figures on 
two dates in May, and seven figures on six occasions from 
June 11th to July 8th, the latter date having the maximum 
of 2,260,000, but the highest monthly average is June, 
with 945,387. The numbers then decrease steadily to zero 
on August 7th. There is a low autumnal maximum of 
27,000 on September 22nd, and from then till the end of 
the year the genus is usually represented, but by nothing 


higher than 1,400. 


year. 
1913. | Biddul- | Chaeto- | Coscino-| Rhizoso- |Thalassi-| Guin- | Laud- Asteri- 
phia. ceras. discus, lenia. osira, | ardia. eria, onella. 
Jan 15,925 3,142 3,167 0 0 105}. ..-7 e086 0 
Feb. ...| 27,860 8,349} 19,861 11] 0 51 74 300 
Mars n.s-t: 29,487 252,685! 86,631 94 187 1,087 580 0 
April ...| 31,645} 2,677,396} 195,325 3,875] 28,494, 14,206) 24,750 665 
May 6,822) 2,967,283} 19,847 129,178) 898,589) 78,089] 109,144] 22,685,144 
June 0 362,237 756| 1,663,669} 37,169) 945,387 1,452 125 
July 0 37,075) 0| 2,574,350 0} 655,740 0 0 
Aug. 0 39,636 0 53,646 0 827 0 0 
Sept. 374 177,216 6 3,803 0 3,939 1,129 1,100 
Oct. 1,626 6,579 0 40 0 250 3 
Nov 6,383 74,086 4,996 19 il 259) - 0 0 
Dec 13,117 6,421 8,266 138 0 432 0 
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Lauderia.—The maximum is only 601,000 on 
May 16th, and the highest autumn number is ‘tent 8,900 
on September 22nd. 

Asterionella—This is a genus which has been repre- 
sented in the past, so far as our observations show, by 
comparatively small numbers of the species A. bleakeley:; 
but this year, in addition to a few thousands of that form 
in April and May, enormous numbers of a second species, 
A. japonica, appeared for quite a short period in the 
middle of May, and reached 192 millions in one haul on 
May 16th. 

We add here the table showing the monthly averages 
of the usual seven genera of Diatoms, together with an 
eighth, Astertonella, which was unusually prevalent this 


| 


This table probably gives quite as clear a picture as 


we could get from a series of curves to show (1) the waxing 


and waning of the different generic groups throughout the 
year, and the manner in which, for example, Riizosolema 
is at its maximum just when Brddulphia shows a mini- 
mum; and (2) the characteristics of each month, beginning 
with a scanty phyto-plankton of Biddulphia, Chaetoceras, 
and Coscinodiscus in January, working up to the maximum 


103 


5 
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in April and May, when all the generic groups are well 
represented, then diminishing to a summer minimum in 
August—and so on. 


DINOFLAGELLATA. 


The monthly averages for Ceratium and Peridiniwm 
in 1913 were as follows :— 


1913. Ceratium Peridinium |, 1913. Ceratium Peridinium 
tripos, spp. | tripos. spp. 
January ...... 607 Me aiyiebyer tet Se 124,930 9,700 
February . 1,933 57 | August ...... 67,577 673 
EACH fs aciec.eie 4,170 12__—'|| September 6,720 19 
ores acc. 3 _ 38,744 . 632 October 526 31 
MA gnacs acd: 5,367 "23,218 _ November... 5,530 ri 
SUH Sl. 67,375 25,25 _ December 5,167 12 


The numbers for Ceratewm tripos are much higher than 
we have ever had them before, and the maximum is later 
than in the last two years, being in 1913 in the latter 
half of July. There were present 225,200 on July 2lst, 
and 239,000 on the 31st, and the numbers continued to be 
in tens of thousands till almost the end of August. 

The actual maximum for Perzdinium is 100,800 on 
May 26th, which is a high record as compared with most 
years, last year’s maximum of over 8} millions being quite 
unusual, and due probably to an exceptional inflow of 
Atlantic water in the summer of 1912, bringing various 
oceanic organisms in increased numbers into our coastal 
waters. 


NocrTi.Luca. 


Noctiluca miliaris is represented in our nets during 
most months of the year 1913, July and December being 
There is one haul of 2,000 on 
only 900 


the two exceptions. 


August 4th, but the next largest is 
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(February 24th), and the rest range from a few tens to 800. 
There is no marked maximum. The characteristic of the 
year is the constant presence of the organism in small 
quantity—which is in marked contrast to the occasional 
phenomenal appearance of WNoctiluca on the coasts of 
Lancashire and Wales (or no doubt elsewhere also). On 
the whole it is more characteristic of Noctdluca to be either 
totally absent or present in great profusion. | 


i 


CorEPopDa. 


We have again taken out the records of the commonest 
species of Copepoda, and summarise them as follows :— 

Calanus finmarchicus—There is nothing unusual* 
about the distribution of this species during 1913. The 
gatherings are not so large as in 1912, but compare well 
with other years. The maximum is in July, as has 
generally been the case, with 4,000 on the 28th. On 
September Ist there is a large haul of over 3,000. 

Pseudocalanus elongatus.—This species is, as usual, 
well represented in our nets, being present in every haul 
taken in. Port Erin Bay throughout the year. The maxi- 
mum is in June (50,000 on the 11th, 68,120 on the 24th), 
and this year the summer maximum is higher than the 
autumn one, which only reaches 31,130 on August 28th, 
and 24,350 on September 22nd. In every other year for 
which we have records, except 1911, when there was no 
marked autumnal increase at all, the numbers have reached 
a higher level in autumn than in summer. 

Otthona similis.—This is again the most abundant 
species in our nets. The numbers remain very high 
(usually ‘tens of thousands) from June to September, the 

* Compare the remarks on the distribution of this species on the West 


Coast of Scotland during the summer of 1913—See this volume, Herdman 
and Riddell, p. 312. j 
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two highest records being 79,450 and 93,580 on July 2l1st 
and 28th respectively. In November the largest haul is 
32,860 on the 4th. 

Temora longicornis.—The maximum this year is in 
June with 43,800 on the 11th, the next highest catch being 
16,240 on July 21st. The numbers fall off gradually to the 
end of the year. | 

Paracalanus parvus.—The curve follows the same 
general lines as in previous years with its minimum in 
early summer and its maximum in autumn. The species 
is entirely absent from our nets from the middle of April 
until the last day of July; there are a few tens or hundreds 
present throughout August, rising to the maximum of 
31,390 on September 22nd, and the numbers remain in 
the thousands until the middle of December. 

Acartia clausi—The maximum is in June, with 
50,100 on the 2nd, and 39,900 on the 5th, but there is a 
large haul of 38,880 again on July 31st and another of 
44,000 on September 29th. 

_Anomalocera patersoni—This species was more 
abundant in 1913 than in the last few years, but does not 
reach very high numbers. Entirely absent until the 
middle of April, it makes its first appearance with 150 on 
the 18th, and is present in about half the hauls taken from 
that date to July 11th, after which it is absent (except for 
one haul containing four specimens on November 7th) to 
the end of the year. The largest hauls are 1,500 on 
May 9th, and 440 on June 24th. 

Centropages hamatus.—Centropages is present on two 
occasions in March, increases in numbers from April to 
June, reaches 620 on June 11th and 27th, has 450 on 
July 21st, and is often present, though in small numbers, 
to the end of November. 

Microcalanus pusillus—We have only three records 
AA 
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this year, as follows :—April 18th, 100; September Ist, 20; 
September 4th, 20. So the species is now of no quantita- 
tive importance in our district, and we only give its record 
this year, because of the probably quite exceptional 
invasion or increase which took place in 1907, and which 
first drew our attention to this otherwise rare form. 

The monthly average hauls for the eight more 
important species of Copepoda are as follows :— 


1913. | Calanus.| Pseudo- | Temora.| Centro- | Anomal-| Acartia.| Oithona.| Para- 
calanus, pages. | ocera. calanus. 
Jan, 6 859 0 0 0 262 2,722 247 
Reba aee 6 1,134 8 0 0 209 1,954 370 
Mar....... 6 2,480 181 "8 0 374 | 2,347 299 
Apr. 1 3,681 1,757 56 29 755 1,849 17 
May | 14 4,030 859 52 177 4,367 1,478 0 
June ... 638 | 16,944 9,424 235 112 | 14,399 | 10,090 0 
July|'...| 1,219 5,874 2,916 165 6 9,282 | 34,577 50 
ANU ots aoe 77 6,768 1,302 34 0 4,840 | 16,583 139 
Sept. ... 436 9,273 296 19 0 8,180 | 12,966 7,886 
Oct Fe. 57 3,236 34 9 0 1,314 8,391 6,456 
Novae: NWaipuushies! 2 2 1 | 1,683 | 18,291 | 7,489 
Dec ie.-. 15 1,013 1 0 0 168 4,375 2,668 


It seems unnecessary to repeat the diagram we gave 
last year showing the curves for the chief genera of 
Copepoda. It is true that the curves in some cases take a 
slightly different form this year, but the columns of the 
table enable one at a glance to see what the curve will be 
like, where the maxima occur, and to what extent the 
genera agree or differ in their distribution throughout the 
year. Paracalanus, for example, has its minimum at the 
time of the maximum of Pseudocalanus. 


CLADOCERA. 


The numbers for this group are not so high as in 
previous years. As before, the Cladocera are a summer 
group, only showing, as a rule, between April and 


7 


September. 
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Podon intermedium did not appear in the Bay 
gatherings until April 7th, about a month later than usual. | 
The numbers were low (25 or under) till May 20th, when 
they rose to 120, and from then till towards the end of 
July they ranged from zero to 280. From July 24th 
onwards they were generally, though not consistently, 
higher. The only three hauls of over a thousand were 
1,025 on July 31st, 1,120 on August 21st, and 2,900 on 
September Ist. After the latter date the numbers dropped, 
and 22 on October 8th was our last record. 

Evadne nordmannt was not represented in our standard 
hauls until May 20th, when 1,230 were taken. The maxi- 
mum was reached on June 5th, with 1,630. The numbers 
dropped to zero on June 20th, and after that the species 
was only obtained in numbers ranging from 10 to 160, on 
about half-a-dozen occasions, the last being the 8th of 
September. 


SAGITTA. 


Sagitta bipunctata was again present throughout the 
year, being represented in practically all our standard 
hauls. The maximum is at the end of June with 1,730 
on the 24th, and 1,498 on the 27th. There was no increase 
in late autumn in 1913. 

It may be added—although this comes properly into 
next year’s report—that during the Haster vacation work 
in 1914, when Sagitta was being obtained off Port Erin in 
small numbers in the surface nets, we found that by using 
weighted nets in a deeper zone of water unusually large 
hauls of Sagztta were obtained. We have had the same 
experience on occasions in former years, and we are of 
opinion that the ordinary surface nets do not give any 
adequate represeytation of the Sagitta fauna. 
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OIKOPLEURA. 


In 1913 Ockopleura dioica was represented in all our 
standard hauls throughout the year. The first record in 
the thousands was on February 20th . (2,670), and from 
March 10th to November 7th, the numbers were usually in 
the thousands. The maximum was 34,000 on July 24th. 
The September increase was not so great as usual, the 
largest haul being only 9,200 on the 29th. This record 
differs from that in 1912, when the greatest hauls were in 
March and September. 


Various LARVAE. 


EcHINODERM LARVAE were unusually abundant in 1913. 
Absent in January, they appeared suddenly in our nets on 
February 6th, to the number of 3,040, and attained their 
maximum of 51,200 as early as February 13th. Other 
large hauls were 24,080 (February 20th), 17,000 
(February 27th), 24,3860 (March 10th), and 27,150 
(‘March 13th). The numbers dropped to zero by the middle 
of April, but Echinoderm larvae were present occasionally 
from this time on to the end of October, and on July 17th 
there was a large haul of 30,000 Twice in September the 
numbers reached the thousands (7,400 on the 11th, and 
4,000 on the 18th). 7 

PoLYCHAET LARVAE were present in most of our hauls 
in 1913. The largest number obtained in one standard 
haul was the very high figure of 115,080 on March 38rd. 
The next highest records are 32,000 on April 10th, and 
40,000 on April 15th. . 

The “Mitraria” Polychaet larvae, as usual, were 
absent in summer, began to appear sporadically in autumn, 


increased during winter and reached their maximum in ~ 


March (7,200 on March 10th, 5,900 on March 22nd, and 
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10,500 on March 28th). They are characteristically 
winter and spring forms, present in abundance when the 
water is at its coldest. 

Cras Zoeras occurred in the usual small quantities 
from February to September. Two hauls only had 
numbers exceeding a hundred, namely, those on 
March 380th and July 31st, with 161 and 178 respectively. 
The highest monthly average was 40 in March. However, 
we know from former experience that it is largely a matter 
of accident whether or not our nets encounter a swarm of 
Crab Zoeas—some of the swarms being of very small extent 
but densely crowded with larvae. 

Mr. H. G. Jackson is making a special study of the 
larvae of Higher Crustacea (Crabs, Lobsters, &c.) in our 
gatherings, and will furnish a separate report upon these. 

BALANUs NAUPLII were present for the first time on 
January 25th (1,840), and were in every haul (except one) 
from that date to June 5th; their final appearance was on 
June 24th. The maximum was reached on March 26th, 
with 453,720, the average for the month being 61,394. 
The next highest record was 255,000 on February 13th. 
Of the “ Cypris’’ stage very few indeed were present, the 
numbers ranging from one to seven (with two exceptions 
of 20 and 23 on May 20th and 28rd), from the middle 
of April till early in July. 

GASTROPOD LARVAE were represented in every month in 
1913. The highest monthly average was 1,537 for March, 
and the highest records 3,520 on March 20th, and 3,300 on 
November 29th. 

LAMELLIBRANCH LARVAE were more abundant than 
Gastropods, and were present in nearly all of the standard 
hauls taken during the year. Some of the chief hauls 
were as follows:—19,000 on May 20th, 20,000 on 


June llth, 18,100 on June 24th, 10,000 on July 17th, 
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12,400 on October 20th, 19,500 on October 28rd, and 
18,700 on October 27th. It is probable that the Scallop 
bed (Pecten opercularis) opposite the mouth of Port Erin 
Bay contributes largely to this supply of larvae. 


_ MEDUSAE AND CTENOPHORA. 


Medusae were present throughout the year with a 
maximum in June to July, and a secondary one in Septem- 
ber. The chief records were 1,180 on June 11th, 1,820 on 
June 20th, 1,940 on June 24th, 1,182 on July 21st, 2,015 
on July 28th, and 2,657 on September 8th. : 

Although Pleurobrachia did not occur in any numbers 
in our Port Erin gatherings this year, it seems to have 
been present in enormous profusion on the Lancashire 
Coast in July.* Large hauls were obtained in the Barrow 
Channel and the open sea outside at the beginning of that 
month, reaching a maximum about July 10th. It is 

curious that this unusually large swarm did not also appear 
at the Isle of Man. 


Fisu Eaeas.t 


Rockling eggs were present in varying quantities up 
to the end of September, the maximum being in April, 
with an average of 123 per haul. 

The other fish eggs ranged from the end of January 
to the middle of August, with a maximum in March of 
74 per haul. 

The numbers are rather larger this year than last, but 
it is difficult to attach any significance to these annual 


variations. 


* See remarks by A. Scott, on p. 109 of this volume. 


+ See also the separate report by A. Scott, at p. 116, dealing specially with 
the pelagic fish eggs collected by the Fisheries Steamer in yarious parts of 
the Irish Sea, ; 
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GENERAL REMARKS. 


No especially rare forms have appeared in our 
gatherings during the past year, and we had not so much 
evidence in the summer of 1913 as in the previous year 
of a marked inflow of Atlantic water bringing oceanic 
organisms. 

The last three summers have differed considerably in 
character. That of 1911 was unusually hot and dry, 1912 
was wet and stormy, while 1913 was especially fine and 
calm. Further North on the West of Scotland, 1911 and 
1913 were noteworthy for the large swarms of the pelagic 
Pteropod Limacina brought in from the Atlantic, while in 
1912 none were present. In this latter year, however, 
other oceanic organisms, such as Doliolum, were carried 
into the coastal waters. None of these organisms were 
found in the Irish Sea, and whether any connection can 
be traced between the variations in the plankton that we 
have observed and recorded and the weather of these varying 
summers we cannot yet say. We give on page 386 the usual 
weather chart for 1913, drawn up by Mr. Chadwick from 
the daily observations at the Port Erin Biological Station, 
and we show the similar chart for the previous year (1912) 
for comparison. Again we notice an unusual run of 
constant (low) temperatures, throughout March, from the 
last week in February to the middle of April. The sea 
was then at its coldest for the whole year. 

We do not propose this year to append any remarks 
on plankton investigations in general, such as formed the 
conclusion of our last report. | We desire now to confine 
the remaining sections of this report to brief statements of 
the condition of the plankton each year until we come to 
our final article, when we hope to give an adequate discus- 
sion of the results of the ten years’ work. 

; The present Part, then, is only the necessary contri- 
bution for the year 1913 towards that final discussion, 
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[Percy Sladen Trust Research. | 


THE NUTRITION AND METABOLISM OF MARINE 
ANIMALS: THE RATE OF OXIDATION AND 
OUTPUT OF CARBON-DIOXIDE IN MARINE 
ANIMALS IN RELATION TO THE AVAIL- 

on ABLE SUPPLY OF FOOD IN SEA-WATER. 


By Prorressor BenzamMiIn Moore, F.R.S., Epwarp S. 
EpizE, B.Sc., and Epwarp Wuittey, M.A. 


(From the Marine Biological Station, Port Erin, 
and the Bio-Chemical Department, University of 
| : Liverpool.) 


One of the most important questions in the study of 
the economic balance of nutrition of the various types of 
marine animals is that‘of the source of the food of the 
higher types, such as molluscs, crustaceans, and fishes. 
This question has been discussed, and experimental 
results bearing on its solution have been described, in a 
previous paper* by the same authors. 

The amount of the dissolved organic matter in sea- 
water and that of the suspended organic matter in the 
form of plankton were both investigated, and it was 
concluded that neither dissolved organic matter nor the 
average amount of suspended plankton sufficed to account 
for the nutrition of the larger marine organisms. It was 
pointed out that the larger animals either so distributed 
themselves along the pathways and situations of a richer 
supply of food, or actively followed up an unequal distri- 
bution of food so as to enable themselves to live upon 
richer zones of minute organisms, or captured other 
animals of greater size than minute plankton, which 


* Bio-Chemical Journal, Vol, VI, 1912, p. 255. 
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animals in turn fed upon microscopic plankton or upon 
vegetation along the shore or on the sea-bottom. 

In order to approach the matter more closely, it 
became desirable to estimate in several types of marine 
animals the daily rate of oxidation and output of carbon- 
dioxide necessary for the maintenance of the animal, so 
as to-arrive at the daily food quantity necessary in each 
case. ae 
In the previous paper observations of this kind were 
made in the case of Sponges, Ascidians, Aplysia, Fusus, 
Buccinum, Echinus, Asterias, Cancer, Eupagurus, and 
Blennius (a small fish). It was impracticable at that stage 
in our work to continue the experiments for a period of 
much over 24 hours, the maximum period. of observation 
in one case being 48 hours. Also, as no suitable large 
glass reservoirs were then available, the amount of 
dissolved oxygen of the sea-water in which the animals 
were immersed, in certain cases where more active animals 
were concerned, fell to a very low figure, indeed almost to 
zero. 7 

These preliminary experiments yielded remarkable 
results as to the minute amounts of respiratory oxygen 
upon which marine animals can subsist for a rather 
prolonged period, but, so far as our immediate quest is 
concerned, can only be taken as demonstrating the 
respiratory exchanges during the initial hours in a- limited 
supply of sea-water, and, while giving an approximate 
idea of the rate at which such animals oxidise their food 
supply, do not give clear figures as to results over pro- 
longed periods when there is a sufficient supply of oxygen 
maintained in the water. 

Other results of bio-chemical interest were observed 
in this shorter initial period with rapidly decreasing 
oxygen supply. It was found, for example, that a large 
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crustacean can go on for hours lving and producing 
earbon-dioxide in sea-water from which practically all 
dissolved oxygen has disappeared, and under such condi- 
tions the respiratory quotient for the entire period may 
far exceed unity, rising to a value lying between three and 
four, and pointing to some molecular rearrangement in 
the metabolism of the animal. After such exposure to low 
oxygen values, it was found that the animal recovers 
perfectly and becomes quite normal within a few minutes 
when placed in normal sea-water. 

But in regard to the normal food requirements and 
rate of oxidation and output of carbon-dioxide, some more 
accurate measurements were evidently required, lasting 
over a much longer period, and with a large volume of 
sea-water renewed at such intervals that the dissolved 
oxygen value never fell so low as to embarrass oxidation. 

In August and September, 1912, four prolonged 
experiments were accordingly instituted at the Port Erin 
Laboratory, in which animals were kept under daily 
observation for a continuous period of over thirty days, 
during which interval practically no food was consumed 
by the animals. Our object, at the outset, was to deter- 
mine metabolism over an initial period of a few days, and 
then commence feeding, but the animals refused food 
under the conditions of captivity. The remarkable result 
was obtained that the animals gained weight slightly under 
such conditions, except in one case, and there the loss 
in weight was small. The animals were all alive and 
active at the end of the period. The metabolism showed 
no great falling off in activity throughout the experiments 
except an apparent one, lasting only a few days in the 
middle of the interval. This falling off was discovered to 
be entirely fictitious, and due to a growth of vegetable 
matter in the reservoirs, for on covering these over to 
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prevent ingress of light, the metabolic exchanges rose 
again to their former level. 

This growth of vegetation is a factor of error carefully 
to be guarded against, as the assimilation by green sea- 
weed is so rapid in good light, that almost all the carbon- 
dioxide produced by a lobster can be reconverted into 
oxygen by the vegetation which forms on its own carapace. 

Four large carboys, such as are used for the carriage 
of vitriol, were used for the experiments. The volume of 
each carboy lay between forty and fifty litres, and is 
given accurately in the table of each of the experiments. 
The animals experimented upon were two lobsters, a fish, 
and an octopus. 

The sea-water in the two carboys comtenannes the 
lobsters was changed once daily in the morning, that 
being found ample to give sufficient oxygen, and also to 
give good differences, for purposes of titration, in change 
in content of the water in oxygen and carbon-dioxide. 
But in the case of the fish and octopus the oxidations are 
more rapid, and it was accordingly found necessary to 
change the water twice daily, in the morning, and 
late at night. Even with this double change of water, 
so allowing about ninety litres of sea-water daily, it was 
usually found that four-fifths to five-sixths of the dissolved 
oxygen had been removed by the respiration of the animal. 
It is a remarkable and interesting fact that animals so 
highly organised as a fish and octopus can stand such 
an oxygen diminution as this (down to as little as 1 
milligram of dissolved oxygen per litre) repeated for some 
hours twice daily for a period of over thirty days, without 
apparently causing any injury to the animal. j 

The sea-water supply was obtained by a hose pipe 
from the elevated outdoor tank of the Biological Station. 
The station supply is pumped daily into this tank from 
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Port Erin Bay. The sea-water as it flowed from the supply 
pipe into the carboys was filtered through the finest bolting 
silk used for tow-nets, so as to free it from all plankton, 
although, as shown in our previous paper, this amount of 
foodstuff would be small, and, as is also shown in our 
previous paper, the total amount of organic carbon in 
such filtered water is infinitesimally small and cannot 
possibly exceed one milligram per litre. 

As the carboys were being filled, samples of the water 
were taken for titration for oxygen and carbon-dioxide. 

The oxygen was determined by Winkler’s method, 
and the level of the carbon-dioxide content by titration 
with centinormal acid, or alkali, in presence of phenol- 
phthaléin (4 drops in 100 c.c.). These methods are 
described and discussed in the former paper. The normal 
figures did not vary much throughout the experiment, 
the oxygen figure standing at about 88 milligrams of 
oxygen per litre, and the sea-water requiring 2-3 c.c. of 
N/100 acid per 100 c.c. to give neutrality to phenol- 
phthaléin. 

Similar titrations at the end of each interval for the 
contents of the carboys gave figures from which oxygen 
consumed and carbon-dioxide discharged by the animals 
could be calculated. The carbon-dioxide titration is not 
nearly so delicate as that for the oxygen, but still the close 
correspondence in the total figures, for the long interval, 
between oxygen used and carbon-dioxide evolved, shows 
that on the whole there is little error in the titrations, 
for the respiratory quotient in all four cases is practically 
coincident with unity. The temperature was taken daily 
throughout the period and varied from a maximum of 
15° C. nearly at the beginning in August, to 11° C. about 
the middle of September. 

In changing the water, the carboy was in each case 
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rapidly emptied of all its water by a wide siphon tube, and 
care was taken to remove all débris and dejecta from the 
animal. This precaution is necessary to ensure the health 
of the animals, and it is remarkable for how long periods 
small amounts are obtained in absence of all food, 
apparently due to some continued intestinal excretion. The 
-carboys were then completely filled with fresh sea-water, 
and closed from the air by tightly fitting cork bungs. In 
the latter part of each experiment, light was excluded by 
means of a barrel inverted over each carboy. In the 
earlier days there was no vegetation, and the results were 
only interfered with partially for a few days before the 
use of the barrels began. 

The details of the saponin are given in the four 
following tables : — 


EXPERIMENT I. 


Lobster.— Weight 203-210 grams. Volume of sea- 
water in carboy = 40°56 litres daily. Duration of experi- 
ment, August 10th-September 13th, 1912 = 34 days. } 


Oxygen appearing 
Oxygen used up. in Carbon-dioxide. 
A —____ 


Date. Time aaa ae +—__—__—_—_,, 
Interval. Milligrams Total ‘Millis Total 
SDs per litre. mg. per litre. mg. 
Aueust 10) 2. fect.e 0. 6 10 2-38 108 3-2 146 
eee hE Eee oe 17 ‘50 5°81 265 2-6 118 
pr Led econ cen 26 45 5:71 260 6:7 305 
eet yA ad Sees anst 18 10 2:84 _ 129 2-2 100 
uy Load An caneeect 24 0 3-11 142 3:8 173 
BS ee Ic oe eee 23 15 3-04 139 3°5 159 
Seon 1G) .,n.02- 23 30 2-89 132 2-9 132 
pel O =A o. sesaess 23 50 3-74 170 4-2 191 
Pl US asssisdes 23 35 3-45 157 4-2 191 
Be ASH1 Oe. wc ncss 23 35 3:38 154 3-2 146 
oh LOS20:. iedene 23 55 3:25 148 2-9 132 
U3 aes 23 30 2-32 106 3°5 159 
LM EOOD oF 23 20 2-75 125 4-2 191 
ot LOL Osc de vanes 23 . 55 3-33 152 2:2 100 


The experiment was here interrupted, to attempt 
feeding, from August 23rd to 25th. The animal did not 
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eat at first, but by August 25th had eaten four small 


pieces of fish (plaice) weighing about 8 grams. 
Oxygen appearing 


Oxygen used up. in Carbon-dioxide. 
Date. Time med Ne a —___—— 
Interval. Milligrams Total Milligrams Total 
2.) per litre, mg. per litre. mg. 
August 25-26......... 24 00 4:36 199 2-6 118 
54 7 Eee 23 «20 1-24 56 2-2 100 
VATE RE 23 «58d 0-37 17 1-0 46 
EC. 23 45 3-11 142 2-2 100 
a ae 23 35 1-40 64 1-9 87 
ee BU OL owes cces 22 45 4:77 217 3-2 146 


During the last few days green vegetable matter had 
appeared in the carboy and on the carapace of the lobster, 
and the days with a low yield were those of bright day- 
light. From here on, except where noted, the carboy was 


covered up by an inverted wooden barrel. 
Oxygen appearing 


Oxygen used up. in Carbon-dioxide, 
Date. Time (= ‘ SH =. 
Interval. Milligrams Total Milligrams ‘Total 
oan.) per ilitre, mg. per litre. mg. 
Aug. 31-Sep 1 ...... 23 50 4-86 221 4:2 191 
September 1-2 ...... 24 00 4-40 200 4-5 205 
es Les ee 24 00 4-04 184 1-6 73 
ns 3-4 ...... 23 40 4-10 187 4-8 219 
“4 4-5 ...... 23 50 3-11 142 3°5 159 


On September 5th, being a bright sunny day, the 
covers were left off purposely to observe effects, and see if 
the falling off previously had been due to photo-synthesis 
by the plants from the respiratory carbon-dioxide of the 


lobster. 
Oxygen appearing 


Oxygen used up. _in Carbon-dioxide, 
Date. Time = ———+ —_ L 
Interval, Milligrams Total Milligrams ‘Total 
h. m. per litre, mg. per litre. meg. 
September 5-6 ...... 23 30 0-06 — 0-6 — 


The sea-water at the commencement of this period of 
23 hours 30 minutes contained 8°96 milligrams per litre 
of dissolved oxygen, and at the end 9°02 milligrams per 
litre, so showing that the small amount of green material 
within had been more than able to re-synthesise all pro- 
duced by the animal. If this be contrasted with the 
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previous two days in darkness, the corresponding figures 
are 881 and 896 milligrams at the commencement, and 
4°71 and 5°85 milligrams at the end, corresponding to an 
average consumption of 165 milligrams of oxygen. This 
illustrates the rate at which the marine plant can 
synthesise, for the dried weight of vegetable matter inside 
could certainly not have exceeded 1 eram. The experi- 
ment was then continued in darkness, after a day’s pause 
to weigh and attempt feeding the animal. No food was 
taken, however. The weight of the animal was 205 grams, 
as against 203 grams at commencement, and this after 


26 days practically without food. 
Oxygen appearing ~ 


Oxygen used up. in Carbon-dioxide. 
Date. Time (ae 

Interval. Milligrams Total Milligrams Total 

ho) mi. i perdlitre: mg. per litre. mg. 

September 7-8 ... 23 55 2-60 118. 4-2 191 
' S-9 5.0 20 20 3-97 181 3:8 173 

- 9-10 ... 23 50 3-11 142 2-9 132 

= 10-11 ... 23 45 3°34 152 3°5 159 

- 11-12 ... 23 50 3-19 145 4-8 219 

- 12-13 ... 23 55 3°85 176 3°8 174 


Experiment finished. Weight of animal, 210 grams, 
that is, 7 grams more than at the beginning of the 
experiment. _ It is to be remembered in this connection 
that this was not a fully-grown lobster, yet the result is 
interesting. The explanation probably lies in this, that 
the exo-skeleton continued to grow, and the tissues became 
less rich in organic substances. The animal was placed in 
absolute alcohol, and later the proteins, fats, and carbo- 
hydrates of the body were estimated, with results to be 
described later. 

So far as we have been able to ascertain, this is the 
longest experiment yet made on the respiratory exchanges 
of a large crustacean, with daily determinations of the 
amount of oxidation. Perhaps the most interesting result 
is the slowness of oxidation and the correspondingly small 
amount of food required for the actual metabolic wants 
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of the animal as an individual. Under normal conditions 
of freedom of the animal, these would probably be con- 
siderably higher, but even if they be placed at double the 
quantity, they scarcely account for the food a free lobster 
would use, and this indicates, as has been previously 
observed in Hehinus esculentus (3) that a great portion of 
the daily consumption of food is probably, at this grade 
of animal life, used for purposes of sexual metabolism. 
Thus if the daily consumption of oxygen and 
output of combined oxygen as _ carbon-dioxide be 
totalled up for the entire period, the result appears 
that the oxygen consumed amounted to 4760 grams 
of oxygen, and the oxygen appearing in carbon- 
dioxide to 4783. This yields a respiratory quotient 
of approximately wnzty, indicating that carbohydrate or 
protein chiefly have been oxidised. The weight of carbo- 
hydrate in a combustion is slightly less than that of the 
oxygen required for its combustion, and a calculation on 
the assumption that all the material utilised was sugar 
gives 4.4 crams of sugar. The result would not much 
vary from this, if protein were being oxidised. If allow- 
ance be made for the periods of interruption, and exposure 
to ight, and for changing the sea-water, the interval may 
be taken very closely as one of 27 days, and on this basis 
the daily consumption of organic matter reckoned as carbo- 
hydrate amounts to only 0°16 gram. It is usual in stating 
such results to quote the result at so much per kilogram of 
animal weight. This is a most pernicious custom since 
the metabolic oxidation is not at all proportional to body- 
weight, but much more nearly to animal surface, at any 
rate in warm-blooded animals. If this incorrect method 
of statement be adopted, the consumption stands at 0'8 
gram of carbohydrate per kilogram of body-weight of 
lobster per diem. This result is confirmed by the next 
experiment. 
BBO 
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It is perhaps better to state that, in absence of food, 
and in captivity, a lobster weighing approximately 200 
grams uses up 0'176 gram of oxygen daily, which would 
correspond approximately to 0°160 gram of carbohydrate 
or 0:19 gram of protein. 


EXPERIMENT II. 


Lobster No. 2.—Weight, 240-248 grams. © Volume 
of sea-water in carboy = 46°86 litres daily. Duration of 
experiment, August 11th-September 13th, 1912 = 33 days. 


. Oxygen appearing 
Oxygen used up. in Carbon-dioxide, — 


Date. Time SS t#4 
Interval. Milligrams Total m.g. Milligrams Total 
h, m, per litre. in Carboy. per litre. m.g. 

2 6: 


August 11-12......... 25 15 4-92 30 4 300 
re 215) ha 18 0 3-33 156 3-5 164 
PUSS ee 22 50 3-73 175 45, 211 
ey SG ec 23 20 3-35 157 3-2 150 
fees NOt eee 23 30 3-22 151 2-6 122 
ye MAGE Nee eae 23 50 4-28 200 3-8 178 
SOP Tere ee ee 23 35 3-58 168 4-2 197 
ASS 23 30 3-50 164 3-2 150 
OL GRD EN NS 23 50 3-20 150 3-2 150 
Bi OO ee 23 25 2-58 121 2-2 103 
FDIS 90 wanes 93 15 2-57 121 1:9 89 
iy 00808 kan 23. 55 2-89 135 1-9 89 


This animal was not offered food, having been intended 
originally as a control to the first. The experiment was 
interrupted for about 14 hours at this stage for weighing, 
the animal by an error not having been weighed at the 
beginning. Weight=240 erams on August 2drd. 
Experiment re-commenced. : | 


Oxygen appearing 
Oxygen used up.- in Carbon-dioxide. 
Date. Time SS se a 
Interval. Milligrams Total m.g. Milligrams Total 
h. m. per litre. in Carboy. per litre. m.g. 
1 2: 


August 23-24......... 22 40 3:03 42 2 103 
Bee” Desnonncce 23 10 3-03 142 2°9 136 
oe O20 ew sealens 24 05 2-51 118 2-2 103 
Oe BORO octane awe 23 20 1-76 82 3°8 178 
By Ade B ae ainseines 23 «55 2:05 96 1-6 75 
wt LOO ownage 23 45 2-04 96 2°9 136 
eo (20a racer. 23 35 2:16 101 2-2 103 
Bet OURS ctacasee 23 45 3°39 159 3-1 145 
Aug. 31-Sep. 1 ...... 23 50 3:00 141 2-2 103 
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The carboy was kept in darkness from this onward, 
(see note in previous experiment). 


Oxygen appearing 


Oxygen used up. in Carbon-dioxide, 

Date. Time a ae = 
Interval. Milligrams Total m.g. Milligrams Total 

h. m. per litre. in Carboy. per litre. m.g. 
September 1-2 ...... 24 00 2-88 135 4-5 211 
. 2B ...00e 24 00 3-11 146 4:6 215 

‘3 3-4 ...... 23 40 2-81 132 4:8 225 

s 4-5 ...... 23 55 2-58 2) gay 40 187 

f DO ress. 23 30 0-96 45 1-0 47 


The last day given above was carried on partially in 
daylight, which accounts, as before, for the drop... Lhe 
animal was offered food here, but refused it. Weight, 
240 grams, as before. 


Oxygen appearing 


Oxygen used up. in Carbon-dioxide. 
Date. Time laa a rua Cotta a 

Interval. Milligrams Total m.g. Milligrams Total 

5 ay, per litre. in Carboy. per lire. m.g. 

September 7-8...... 23 55 4-21 197 3-2 150 
Fe oa ae 23 20 3°19 150 2-6 122 

Me 9-10...... 23 50 2-42 113 r-9 89 

0 10-11 ... 23 45 2-79 131 1-6 75 

a J1-12 ... 23 50 2-63 124 2-9 136 
12-13 .... 23 55 2-71 127 3-2 150 


Experiment stopped, weight of animal, 248 grams. 
The animal was preserved in absolute alcohol for analysis 
of tissues. The total amount of oxygen used up by this 
lobster amounts to 4°33 grams, and the oxygen appearing 
in carbon-dioxide is 4°61 grams, yielding a respiratory 
quotient of 0°93. Making allowances for interruptions, 
&c., the time-interval totals 27 days, and therefore the 
daily oxygen consumption averages 0°16 gram, which 
would oxidise 0°15 gram of carbohydrate or 0°18 of protein. 
This experiment throughout corresponds very closely with 
the preceding one, the rate being slightly lower, for the 
animal was somewhat heavier. It is to be noted that this 

animal took no food whatever throughout the experiment. 
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EXPERIMENT IIT. 


Fish.— Weight, 270-245 grams. Volume of sea- 
water = 41°17 x2 = 82°34 litres daily. Duration of experi- 
ment, August 11th-September 13th, 1912=33 days. 


Oxygen appearing 

Oxygen used up. in Carbon-dioxide, 
Date. Time ——. > 7 
Interval. Milligrams Total m.g. Milligrams Total m.g, 
h. m._ per litre. in Carboy. per litre. in Carboy. 


August Tl}... 8 10 5-29 218 73 300 
ae, eee ode 10 10 7-14 294 7-0 288 
ed eh 13 40 7:33 302 8-6 354 
Mi 1921S 13 65 7-33 302 8-3 342 
NOE TSE cee ee 9 45 6-22 256 5:4 222 
CeO Ce icieey wat 13. 05 6-37 262 6-4 263 - 
eral kee 10 35 6-27 258 8-0 329 
ie) MLA sos soit 12 40 7-63 314 8-3 341 
mals. ho eee 10 25 6-82 281 6-4 263 
i a GAGE eo 12 40 7-12 293 6-7 276 
PANG kt ak he 10 40 7:04. 290 6-7 276 
on 16217, ee 12 55 7-26 299 7-6 313. 
a 78 5 eae 10 20 7-11 293 7-0 288 
ee ye Cee. 12 50 6-59 271 70 288 
Me VS... ee 10 45 7-10 293 6-7 276 
ETS 10 eee 12 35 6-66 269 5-8 239 
Sy ae at 10 30 7-19 296 73 300 
Bie D290, ae 13 10 5-70 235 6-4 263 
se ee’ 1110 7-26 299 7:6 313 
Su See 1l 55 6-44 265 6-7 276 
eos ae ae 10 05 7-55 317 6-4 263 
Gf 29199.) 1 Oat) 6-22 256 5-7 235 
pfaeg).. kent 10 30 7-63 314 6-4 263 
IOS ON See 13 20 6-22 256 5-7 235 
Wes O 5: cave. br 9 00 7-55 317 6-1 288 
pie OD Sd ie ean 13 35 6-44 265 4-8 198 
sy eam 9 35 5-19 214 2-6 107 
Soret ie ee 13. 20 5-63 232 6-4 263 
ONE ohare 10 30 7:29 300 8-0 329 
RUMOR Ogio aay, 12 55 5-14 212 5-4 222 
THEO G 8s sae 9 45 4-82 198 3-5 144 
Sires y MELLN oe AS) US 4-89 201 6-4 263 
Spt Me TEA 9 25 6-00 247 3-5 144. 
om aos aR 1415 4-15 171 6-3 259 
6) BCs 9 30 5-85 241 5-4 222 
i CORT OG. VN 13 45 5-26 217 5-1 247 
$2) CUI eae are 9 15 4-87 200 4-8 198. 
0-90 ae 13. 55 5-02 207 4-0 165 
(ge eta IRR 8 40 4-44 183 1-6 66 


August 30th was a day of bright sunshine, and hence 
the low figure for oxygen excreted as carbon-dioxide. 


Date. Time 
Interval. 

Hy me 

August 30-31......... 13. 25 
6 9 40 
Aug. 31-Sep. 1 ...... 13 45 
September 1 ......... 10 55 
=f | re 12 40 

De ecole 9 20 


29 
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Oxygen used up. 


vata ae 

Milligrams Total m.g. 

per litre. in Carboy. 
5-32 219 
4-04 167 
5-97 246 
3-40 140 
5-32 219 
2-46 100 
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Oxygen appearing 
in Carbon-dioxide. 
p itest Dees 


+. 
Milligrams Total m.¢. 


per litre. in Carboy. 
5-6 230 
ag) 78 
7-0 288 
1-6 66 
70 288 
0-8 33 


From this point onward, till September 5th, the 


carboy was kept covered up during day. 


Date. Time 
Interval. 

hom, 

eps 14 30 

ME esien osu 9 35 

eee ss his 13-55 

DE esha 10 30 

LL ree 13? 05 

Fr eee 8 50 
(In Sunlight) 

ot ae 14 20 


Oxygen used up. 


— A. 
Milligrams Total m.g. 
per litre. in Carboy. 


4:37 180 
3:03 124 
4-59 189 
4-07 168 
4-74 195 
2-22 91 
5:63 232 


Oxygen appearing 
in Carbon-dioxide. 


———.—t———— 7. 
Milligrams Total m.g. 
per litre. in Carboy. 
4-2 173 
107 
198 
111 
288 
(nil). 


Se Was pe Hee 
oS wWHIOS 


247 


The experiment was here interrupted to weigh the 


animal and offer food. 


200 grams. 
Date. Time 
Interval. 
ye cis 
September 7 ......... 9 30 
ss TB weoses 14 10 
a ae 10 45 
es Ue L2.- Vo 
“ ae 10 05 
- 9-10...... 13. 25 
* bas dikes 9 45 
os 10-11 13 50 
a lo Aree 10 15 
7 11-12 13 05 
" te ae 9 35 
12-13 13 30 


No food was taken. 
Continued in the darkness. 


Oxygen used up. 


Milligrams Total m.g. 


per litre. in Carboy. 
4-08 168 
4-67 192 
3°48 143 
3°33 137 
2-37 97 
3°78 155 
2-57 105 
3°99 164 
1-63 67 
2:37 97 
2-00 82 
4-74 195 


Weight, 


Oxygen appearing 
in Carbon-dioxide. 
Ga ‘_—_____. 
Milligrams Total m.g. 
per litre. in Carboy. 
5-1 210 

. 173 
222 
132 
198 
173 
210 
210 
185 
185 
156 
185 


ES QS G0) Or 
cr do cr Gu ko Go to A bo 
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The experiment was stopped at this point, after 33 
days’ duration, when the weight of the fish was found to 
be 245 grams, and it was placed in alcohol for subsequent 
analysis of the tissues. The total amount of oxygen used 
up in the 33 days was 14°01 grams, and the oxygen given 
out in form of carbon-dioxide was 14°27 grams. The 
weights of the fish at intervals were as follows :—At start, 
August llth, 270 grams; August 23rd, 249 grams; 
September 6th, 250 grams; September 13th, 245 grams. 
Although there is an initial drop in weight of about 
20 grams between August 11th and August 23rd, from this 
date onward throughout the remainder of the experiment 
the weight is practically constant. Since oxygen 
weighing 14 grams is consumed representing an equal dry 
weight approximately of carbohydrate or protein com- 
busted, the wet weight of the fish ought to have dropped 
approximately by about 40 to 50 grams. Therefore, either 
food from some unknown source must have been consumed 
or the tissues must have been more heavily charged with 
water towards the end, and less with organic matter. 
The later work to be recorded on the lobster shows that 
the second is the correct one of these two hypotheses. 

The addition of the time-intervals of observation 
given in the table yields 30 days, 23 hours, and 10 minutes, 
which may be taken approximately as 31 days, and on this 
basis the daily uptake of oxygen for a fish of 270 to 240 
erams amounts to only 0°45 gram, and the output of 
oxygen in carbon-dioxide to 0°46 gram. The slightly high 
figure for carbon-dioxide is probably due to experimental 
error, and the respiratory quotient lies very near to unity. 
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EXPERIMENT IY. 


Octopus. 
hability to injury in weighing, weight at end on 
September 13th, 1912—370 grams. Duration of experi- 
ment from August 12th, till September 13th=82 days. 
Daily volume of sea-water = 47°895 x 2 litres=95°79 litres. 


Not weighed at beginning on account of 


Oxygen appearing 


Oxygen used up. in Carbon-dioxide. 
Date Time at 
1912. Interval. Milligrams Total m.g. Milligrams Total m.g. 
h. m._ per litre. in Carboy. per litre. in Carboy. 
moms LZ y....:-.-.. 4 50 4-01 192 6-1 292 
2 eee 14 00 6-63 317 7:0 335 
btn 9 30 4-95 237 7:3 349 
py to —t4......... rlO 6:03 288 6-7 320 
a ee 10 40 4-27 205 7-0 335 
4 7s I ae 12 30 5:73 275 6-4 306 
Eee 10 25 4:37 210 5-4 259 
Ib We se 7:29 349 7:0 335 
ae 10 30 712 341 6:4 306 
oo Sy 12 50 7:89 378 7:3 349 
4 10 10 7:58 363 7-0 335 
{WAY eS | a 12 45 7:96 381 7:0 335 
a 10 35 7:66 367 7:3 349 
— Cet ee 12 a0 7-81 374 6-4 306 
PD cose totes 10 25 7-50 359 7:3 349 
2 13 05 8-12 389 8-3 397 
PETA ceciessecsee Ph 05 711 340 7:0 335 
| AE 11 50 7:34 351 6:3 301 
1 10 00 6-64 318 5-4 259 
oy) 7 12 45 7°72 369 5:7 274 
Po dcisene sees. 10 25 6-72 Sal =: 6-1 292 
Pe MOD arsece sas 13 15 7:96 381 6-7 320 
Total 7,205 Total 7,038 


Experiment interrupted. Food offered, but little or 
none taken. 
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Oxygen 
Oxygen Total O, excreted Total O, 


Date. Time used in used as CO, excreted 
Interval. m.g. 7,205. in mg, as CO 
hh. m. ./ per litre: per litre. 7,038. 
AUCUSt Z5- .2...5...00. 9 40 5-91 284 5-4 259 
gp) KAD 26 cece 12 50 7-61 364 fer 368 
ie hal 2 Ol, aoe ee ae 9 40 3°52 169 1-6 77 
| DOLITUNSS 13 10 5-45 260 8-6 412 
hy ae eo 9 15 2-89 139 0:3 nil. 
Skule Al aorehe Mail 14 10 5-28 253 7-0 335 
BATT O80: aioe 9 20 4-42 212 4-2 202 
Me 28229 pcendese 13 40 5:88 282 5:8 278 
PI oO ieumeeoneuet 9°05; 3-03 145 2-0 96 
3, 29-3003 eats 13 50 5-64 270 5-2 250 
i || ores Ae a 8 30 6-71 321 4-0 192 
sr 8023 Les sc act 13 15 8-41 403 — 9-6 460 | 
pan) |G» toe yaeeee 9 30 5:84 280 3-5 168 
Ades 31—Sepil .ce.: 13 40 8-15 390 9-7 464 
September I ......... 10 45 7-56 362 5:3 254 
a; 12) ieee 235 7:72 369 5:7 274 
e Dit de eae 9 05 5-88 282 3-0 144 
s Da Be vasihes 14. 25 8-35 400 8:5 407 
> Dhiseiecrice 9 15 6-89 330 6:0 — 287 
5 B= 4. 13 50 8-12 389 9-5 455 
s Aya. beats 10 25 6-19 296 4:5 216 
ve 4-5 ou... 13 00 6-57 314 TA 354 
j Cover off 
Du tiehbiets 8 40 1-42 68 0-6 nil, 
In daylight 
Part daylight 
5 5-6 oe... 14 15 4-50 216 5:8 278 
14,003 13,267 
Experiment interrupted. Animal offered food. 
None taken. 
Oxygen 
Oxygen Total O, excreted Total O, 
Date. Time used in used as CO, excreted 
Interval. m.g. 14,003 in m.g, as COs 
h. om. — per litre: per litre. 13,267 
Seovemiber 7 —cascte-n: 9 25 4-74 227 3-2 154 
. 7-8 oe. 13 55 7-44 356 6-7 320 
“ 8 een ect 10 35 6:96 333 8-5 407 
» 8-9 ...... 12 10 6-58 315 6-7 320 
5 9 nape 9 55 4-49 216 5-4 259 
3 9-10...... 13 20 6-49 oll 71 340 
‘ LO aes 9 35 5-17 248 5:8 278 
Bs 1QO-11 ....-13 45 6-48 310 4:8 230 
Ms I ese 5 10 10 5:25 252 8-0 383 
53 11-12 ... 13 0 6-09 291 5-4 259 
s EN oo 9 30 4-47 215 6-4 306 
$4 12-13... 13 25 6:17 295 6-4 306 
17,372 16,789 . 


Experiment stopped. Weight of animal=370 grams. 
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The added time-intervals for which the oxygen intake 
and carbon-dioxide output were estimated amount to 
27 days, 16 hours, 25 minutes, and the oxygen used up 
totals 17°372 grams, and output of oxygen in carbon- 
dioxide to 16°789 grams. The daily quantity of oxygen 
exchange is very approximately 0°6 gram. 

The weight of the animal at the start could not be 
taken, but as it was 370 grams at the finish, it may be 
taken roughly as averaging 400 grams during the 
experiment. The result is, therefore, that an octopus 
weighing 400 grams consumes 0°6 grams of oxygen daily, 
and the respiratory quotient is practically unity. This 
shows a much higher metabolic activity for this species 
of animal than for a lobster, and one that is approximately 
equivalent to that of the fish. For, if the metabolism be 
taken as proportional to the surface and an octopus of 400 
erams uses up 0°6 gram of oxygen daily, then one of 250 
erams will use up anamount of 0:46 gram, while the fish in 
Experiment III., weighing 240-270 grams used up 
0.45 gram daily, the corresponding figure for the lobsters 
lies at about one-third of this amount, namely, 0°16 to 
0°18 gram daily. 

In a free condition and when feeding the metabolism 
would naturally be higher, but even if the figures be 
doubled, an extraordinarily low metabolism is revealed. 
For, a wet weight of about three grams of animal matter 
daily would appear to be enough to maintain a fairly large 
fish or octopus, and one-third of that amount to maintain 
a lobster. When feeding, such animals almost certainly 
consume many times this quantity of food daily, and 
hence it becomes obvious that the greater portion of the 
food supply is utilised for intermediate metabolism, and 
for the production of the organic matter required in their 
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sexual metabolism, and is not oxidised to carbon-dioxide 
to supply muscular and other energy for the animal itself. 

The minute muscular metabolism is _ probably 
explicable on two grounds; first, there is little or nothing 
required for maintenance of temperature, and secondly, 
the animal is balanced or counterpoised in the water, so 
that the loss in locomotion and swimming up and down 
is also reduced to a minimum. . 

At the commencement of the experiments it was not 
anticipated that at the conclusion of a fast of over thirty 
days the weight of the lobsters would have remained 
constant, or even slightly increased, while that of the 
fish after a small initial drop would also remain practically 
constant during a period of three weeks, throughout which 
no food was taken. As a consequence no normal animals 
of the same species and size were fixed for determination 
of proteins, fats, and carbohydrates in the tissues at the 
start, and comparison of these with like data for the 
experimental animals at the conclusion of the fast. 
Accordingly from this set of experiments alone, no con- 
clusion could be drawn as to whether the energy for the 
metabolism was derived from a dilution, or water-logging 
of the tissues, or possibly, as suggested by Piitter, from 
dissolved organic matter contained in the filtered sea- 
water supplied daily to the animals. The excessively 
minute amount of dissolved organic matter (if any) con- 
tained in sea-water as shown by our previous experiments 
appeared to us, however, to negative the latter view. To 
decide this point the prolonged series of experiments upon 
lobsters detailed in the succeeding paper of the series were 
set in progress. These experiments demonstrate that the 
necessary energy 1s mainly derived from the proteins of 
the animal’s tissue just as in the later stages of inanition 
of terrestrial animals, but in the case of aquatic animals 
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the metabolic exchanges are so slow that a period of several 
weeks’ duration becomes necessary, in order to show the 
result clearly. When sufficient time is given, however, 
the proteins become much reduced, and the loss is suffi- 
cient to account for all the energy required for the 
metabolism of the fasting animal. 

In conclusion, the results of the examinations of the 
tissues of the four animals are given; those in the case of 
the lobsters may be compared with the similar results in 
the succeeding paper. It is noteworthy that carbohydrate 
is absent, but, strange to say, even in normal lobsters the 
amount of glycogen or other carbohydrate is excessively 
low; whether this is a seasonal result, or 1s always the 
case, we have not at present determined. 

Immediately at the end of the experiments the 
animals were weighed, killed, and preserved by placing 
in excess of absolute alcohol. After some weeks, the 
alcohol was separated and taken down to dryness, the soft 
parts were then separated, dried, and reduced to a powder, 
the hard parts were similarly treated, and then the soft 
parts and hard parts were thoroughly mixed and incor- 
porated by grinding up together in a mortar. The mixed 
powder was then dried in a desiccator over sulphuric acid, 
and weighed, so giving, on addition of the dry weight of 
the alcoholic extract, the total dried weight as shown in 
the table. The dried powders from the four animals were 
preserved for the analyses in dried glass-stoppered wide- 
mouthed bottles. The figure given as protein is the total 
nitrogen figure from a Kjeldahl multiplied by the factor 
6°25. It is probably a little too high, but there is very 
little nitrogen present other than protein nitrogen. 

Fats were determined in the usual way from Soxhlet 
extractions with ether. Glycogen was absent throughout. 


b] 


“Bxtractives ’ means alcoholic extractives less fats. The 
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ash was obtained by incineration. 


TRANSACTIONS LIVERPOOL BIOLOGICAL 


SOCIETY. 


For the carrying out of 


these analyses our thanks are due to Mr. W. H. Evans, 


B.Sc. 


CoMPOSITION OF ANIMALS AT END OF F'AsTING PERIOD. 


Lobster No. 1. 


Lobster No. 2. 


Live weight, 210 grams. 


Dry weight, 71°6 grams. 


Constituents. 


Pees eeesccesrerecseseeeseeeeeees 


Fats 
Gye OREN. 2a. ce siees sens enon ceases 


Peete oe es eee eee reseesesecesoesees 


Percentage 

Weight in of dry 

grams weight. 
32-23 45-02 
3°51 4-9] 

Nil. Nil. 

5-22 re -¥ | 
23-20 33-80 
7-44 9-00 


Live weight, 248 grams. 


Dry weight 91°26 grams. 


Constituents. 
Probeins 34 ee ee oe ee ae 
Wats 43. ocsncecretee eee eee 
GIYCOSEM.. 5: 5... nreceeneee semeeeee =e 
Extractives (non-fatty) ......... 
Agh vu ccusdo ssi eee eee 
Undetermined ya535 ees eee 


Percentage 
Weight in. _— of dry 
grams weight. 
39-90 43-71 
3°45 3°78 
Nil. Nil. 
10-22 11-20 
29-66 32-50 
8-03 9-81 


Fish (Gadus virens, Linn.).—Live weight, 245 grams. 


Dry weight, 74:9 grams. 


Percentage 

Constituents. Weight in of dry 

grams weight. 

Protettnsiz os. mene. ene eee eaen 45-71 61-20 
Maia Geeta! ss esce iescenseeeeemaene: 14-01 18-76 
CIN GOES Oho sboace te scohdeb soa gEecpe Nil. Nil. 
Extractives (non-fatty) ......... 3°86 5-16 
Ashi tetas. use astopbrartecsmcr stat 10-46 14-00 
Windefermined 52 .n-4-nc.c-oeas ae 0-66 0-88 

Octopus.—Live weight, 370 grams. 
Dry weight, 89°37 grams. 
Percentage 

Constituents. Weight in of dry 

grams weight 

Proteins’ <5 sc. tap-nesededaee ee ete 50-72 56-75 
Pats) ..nissesseedeacnsdogumessenaedes 20-65 23-10 
GlycOgen...).2..cctucceeseeeginess asters Nil. Nil. 
Extractives (non-fatty) ......... 12-78 14-30 
ASH. Sicseis osashetucaomdeoniaasenn wena tas 3°57 4-00 
Undeterminedian i252. .eseecee 1-65 1-85 
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The considerable amounts of fat in the tissues of the 
fish and octopus after a whole month of fasting are 
remarkable; the corresponding figures in the two lobsters 
are low, but a comparison with the figures for normal 
freshly-caught lobsters as shown in the succeeding paper 
show that there is no very great reduction in fats as a 
result of the fasting, the normal percentage of fat in this 
animal being a low one. 

It is of interest to consider the figures from the point 
of view of Piitter’s theory that such marine animals 
obtain a large percentage or the whole of their nutrition 
not in particulate form, but as dissolved organic matter. 

In his earlier work, through the use of faulty 
analytical methods, this observer claimed to have demon- 
strated a considerable amount of dissolved organic matter 
in sea-water, reaching to as much as 134 milligrams per 
litre. 

At a later period Piitter reduces his assumption of 
the content of dissolved organic matter in sea-water to 4 
or 5 milligrams per litre, chiefly as a result of the re- 
determinations of the maximum possible amount of 
dissolved organic matter by Henze as lying below 3 to 
4 milligrams per litre. Henze states in his paper, how- 
ever, that the amount is so small as to be indeterminate 
and within the limits of experimental error. He does not 
state that sea-water actually contains 3-4 milligrams of 
organic matter per litre, although Piitter assumes this as 
a deduction apparently from Henze’s work in all his 
later papers. From our own previous experiments, we 
feel convinced that organic matter in solution is 
practically absent from pure sea-water. Piitter, while 
agreeing that the content of sea-water in dissolved organic 
matter is much less than his original estimate, still 
adheres to his original view, in spite of the change ot 
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figures, that dissolved organic matter is the most import- 
ant food supply for the majority of aquatic organisms. 

Our own previous work demonstrated to us that the 
amount of dissolved organic matter in pure sea-water such — 
as is found at Port Erin is so small as to be undetermin- 
able by any known chemical method, and certainly falls 
below 1 milligram per litre. 

It is, hence, impossible that in the foregoing experi- 
ments the animals could have been supported by the 
organic matter dissolved in the sea-water, for the very 
utmost available organic matter, even if the organism 
removed every trace from the sea-water, would have been 
45 milligrams daily for each of the lobsters, and 90 milli- 
grams each for the fish and octopus. Now the lobsters 
used up daily oxygen equivalent to about 160 milligrams 
of organic matter, and the fish an amount equivalent to 
450 milligrams, and the octopus to 600 milligrams. 

The Pitter hypothesis as to feeding by dissolved 
organic matter accordingly yields no explanation for the 
slower falling off in the weights, and as the subsequent 
experiments show this is due solely to increased water 
content of the tissues. | 

Moreover, the above experiments show the impos- 
sibility of Piitter’s position, by exactly similar reasoning 
to that which he himself uses in proving the inadequacy 
of the average plankton distribution as a food supply, 
namely, the inordinate volume of water which would 
require to be entirely cleared of dissolved organic matter 
in order to furnish sufficient nutrition. 

If the figure we have stated as the maaimum possible 
for dissolved organic matter in pure sea-water, viz., one 
milligram per litre, be taken as the basis of calculations, 
then to keep in equilibrium from this source by complete 
abstraction of organic matter from the water coming in 
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contact with the gills or other absorptive organs, the 
lobsters in our experiments would be required to com- 
pletely clear 160 litres, the fish 450 litres, and the octopus 
600 litres of sea-water daily of all trace of organic matter. 

Even if Pitter’s own most recent figures for organic 
matter of 4 milligrams per litre be taken, then the figures 
become 40, 112, 150 litres, and this suggestion, especially 
in absence of any attempt at direct experimental proof, 
seems to us to be ruled out by its inherent absurdity. It 
is impossible to believe, in absence of all attempt at proof, 
even admitting that sea-water contains 4 parts in a 
million of some hypothetical and unknown form of organic 
matter, that this organic matter can, in some way, be 
entirely removed from the water passing in contact with 
the gills of a fish, of only about 250-270 grams in weight, 
to the extent of at least 112 litres of sea-water every 
twenty-four hours. 

“Such an uptake of dissolved organic matter in 
exceedingly dilute solution from a comparatively large 
volume of sea-water could only occur if, in the fish gull, 
there were exposed a substance with a specific high avidity 
for the dissolved organic matter, comparable to that of 
haemoglobin and similar bodies for the dissolved oxygen 
of the water. Both the dissolved organic matter and the 
body possessing ability for its absorption are, however, 
purely hypothetical, and so the Piitter hypothesis rests on 
no observed facts, and is incompatible with all recent 
determinations. 

It is, in our view, definitely settled by experiment, 
that sea-water does not contain any appreciable amount of 
organic matter capable of acting as a nutrient medium 
for aquatic animals. 

In this paper we have also obtained, over longer 
periods, figures indicating the rates of oxidation in larger 
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marine animals, and have definitely shown that the pre- 
ponderating amount of food consumed by such animals is 
utilised for increases of the animal by growth and for 
sexual reproduction, and that but a small fraction is 
oxidised for the metabolic needs of the animal in other 
activities than growth and reproduction. 

Our thanks are due to Mr. W. H. Evans and 
Mr. Arthur Webster for much assistance in the chemical 
analyses, and to the Trustees of the Percy Sladen 
Memorial for the necessary funds to carry out the work. 


4 


SEA-FISHERIES LABORATORY. 41] 


[Perey Sladen Vrust Research. | 


THE NUTRITION AND METABOLISM OF MARINE 
ANIMALS:—THE EFFECTS IN THE LOBSTER 
OF PROLONGED ABSTENTION FROM FOOD 
eee PIVITY. 


By Proressor B. Moors, F.R.S., anp Grorcr A. HerpMAN 


(From the Marine Biological Laboratory, Port Erin, and 
the Bio-Chemical Laboratory, University of Liverpool.) 


The remarkable fact recorded in the previous paper,* 
that lobsters in captivity in glass carboys refuse food, 
even after days of abstention, and under such conditions 
do not diminish, but often increase, in live body-weight, 
appeared to demand more extended observation, especially 
since no control animals had been preserved and set aside 
at the outset of the experiments for comparative observa- 
tion. Without such control observations, on the ratio 
of live weight to dry weight of tissues, and the composition 
of the latter in carbohydrate, fat, protein, and inorganic 


~ matter, it becomes difficult on account of the slow rates of 


oxidation to be quite certain of the source of the energy 
utilised by the animal during such a prolonged period of 
inanition. 

Accordingly, three series of experiments were 
instituted, in each of which four lobsters were used. 
The animals were chosen of convenient size for introduction 
into the large vitriol carboys described in the previous 
paper, and after weighing them they were so distributed 
in the batches that the aggregate weights were nearly 
balanced. 


* See p. 387. 


oc 
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One set of four lobsters were immediately killed by 
immersion in absolute alcohol, and preserved in this fluid 
for some months to furnish control observations of dry 
body-weight, proteins, carbohydrate, fat and ash at the 
end of the experiments. . 

The second batch of four lobsters were placed in the 
four carboys, which were freshly filled daily with sea- 
water, as described in the preceding paper, with the 
exception that the water was not filtered through silk, so 
that the animals could have had the whole of any possible 
nutritive material contained in the daily 40-50 litres of 
sea-water that formed their supply. The animals had no 
food whatever during the experiment. Daily determina- 
tions of oxygen consumed and carbon-dioxide formed 
were carried out over the period from April 9th till 
May 11th, 1918, that is to say, a period of Bw days, and 
these showed throughout a somewhat slower metabolism 
than in the summer months, as recorded in the previous 
paper, the daily intake of oxygen averaging 120 milli- 
grams per lobster, instead of the 160 milligrams of the 
summer months. Apart from this slower rate, the 
results are exactly similar to those detailed before, and 
so the tables of the experiments need not now be 
reproduced. 

At the end of the thirty-two-day period, the animals 
were weighed, the weights showing practically no change 
asa result of the 32 days’ fast. Thus the weights before 
were 218°3, 292°4, 258°0, and 265°6 grams, and afterwards 
221°0, 291°5, 255°4, and 265°3 grams respectively—the 
ageregate weight at the start was thus 1034°3 grams, and 
at the end 1033°2 grams. After weighing, these four 
lobsters were placed in absolute alcohol, and preserved 
therein like the controls. 

The third series of four lobsters were weighed and 
placed in the four carboys, soon after the conclusion of 
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the above experiment on May 14th, 19183. No 
daily analyses of oxygen and carbon-dioxide were 
made as previous research supplied the necessary 
information on this point, and the object was to make as 
prolonged an experiment as possible. The water was 
changed daily throughout the entire period of over seven 
months that this experiment lasted, so that each animal 
had an allowance daily of 40 to 50 litres of fresh sea- 
water. ‘The four carboys were kept covered up from the 
hght by tarred black canvas covers throughout the dura- 
tion of the experiment, except during the few minutes 
each morning when the water was being changed. 

The complete duration of the experiment was from 
May 14th, 1913, till January 4th, 1914, a period of 235 
days. Two of the animals (Nos. 1 and 4) lived throughout 
the entire period, and weighed as much at the end as at the 
beginning, the other two died while shedding their shells, 
one early in the experiment on June 14th, 1913, the other 
(No. 3) nearly at the end, on November 14th, 1913. The 
lobster which died on June 14th was omitted from con- 
sideration, and replaced by another (No. 2) on June 18th, 
and this animal remained alive and active till the end of 
the experiment, on January 4th, 1914. The weights of 
the animals during the experiment were as follows : — 

Lobster No. 1: May 14th, 1913, weight, 301°9 grams; 
June 14th, 1913, weight, 303°4 grams; January 4th, 1914, 
weight, 301°7 grams. 

Lobster No. 2: June 18th, 1913, weight, 271 grams; 
January 4th, 1914, weight, 270°5 grams. 

Lobster No. 3: May 14th, 1913, weight, 220°7 grams; 
June 14th, 1913, weight, 2235 grams. (Died November 
14th, 1913). 

Lobster No. 4: May 14th, 1913, weight, 2247 grams; 
June 14th, 1913, weight, 2273 grams; January 4th, 1914, 
weight, 226°4 grams. 
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The remarkable fact comes out from these figures 
that the live weight of each lobster shows a tendency to 
increase, even in a period of complete absence of feeding 
of over seven months. Thus in the case of Lobster No. 1, 
after more than seven months, the weight is 301°7, instead : 
of 301°9 at the beginning, and in the case of Lobster 
No. 4, the corresponding weights are 2247 grams at the 
beginning, and 2264 at the end, an actual increase of 
1‘7 grams after over seven months without food. 

It looks at first sight as if the animals were 
obtaining ample nutrition from the pure sea-water alone, 
but the analytical results furnish the explanation, which 
is, that the tissues are simply becoming more and more 
water-logged, or diluted in their content of organic matter. 
The metabolism of the animal, so far as its own individual 
needs are concerned, is so slow that there is ample provi- 
sion for an existence of many months without food. 

The rate of oxidation is also slowed during the later 
part of the seven months’ period. To illustrate this the 
oxygen consumption of three of the animals on the first 
and last days of the period may be cited as follows :— 

Lobster No. 1: At commencement (May, 1918), 
oxygen consumption 120 milligrams per diem; at end 
(January, 1914), 75 milligrams per diem. 

Lobster No. 2: At commencement (June, 1913), 140 
milligrams per diem; at end (January, 1914), 84 miller 
per diem. 

Lobster No. 4: At commencement (May, 1918), 
140 milligrams per diem; at end (January, 1914), 80 milli- 
erams per diem. 

Attention may now be turned to the amounts of 
oxidisable material in the three sets of lobsters as shown 
by the analyses made at the end of the experiments. The 
tables show that there is a distinct difference after a 
month of fasting, but at the conclusion of the seven 
months’ period the oxidisable substances are so markedly 


, 
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reduced that they amount to less than half the original 


quantities. 


The methods of analysis were as described in the 


previous paper. 


Controt LoBsTERS. 


Alcoholic 
Protein EXxxtractives Undeter- 
Live N x 6:25 Fat non-Fatty Glycogen Ash mined 
Weight Dry per- per- per- er- per- per- 
Ingrams Weight centage centage centage centage centage centage 
Di) 279-8 92-29 34:27 2-39 5:74 Absent. 49-07 8-53 
ee 291-5 73:98 29-56 6-96 10-35 . 50-60 2-53 
Tod ee 3250 122-46 36-46 6-18 8-02 2-01 39-83 7:50 
No. 4 Beedeeesre-sses--. 1a-Y 79-04 35-04 4-60 8-84 1-91 42-82 6-79 
inl oe 1110-2 367°77 = = — — 182-32 = 
PEMECAMES ....42.-... 217°5 91-94 33°83 5:03 8-23 0-98 45-58 6:33 
Batcu No. 1. 
Experiment from April 9th till May 11th, 1913=82 days. 
Alcoholic 
Live Weight Dry Protein — Extractives Undeter- 
In grams Weight N x 6:25 Fat non-Fatty Glycogen Ash mined 
——_—_—_~ In per- per- per- per- per- per- 
Beginning End grams centage centage centage centage centage centage 
mo, 1 ...... 218°3 221-0 87:37 37-25 3°84 11-72 2-64 42-21 2-34 
MNO, 2 ...... 292-4 291-5 105-37 . 35-25 4-94 7-88 Absent. 43-62 8-31 
i ae 258-0 255-4 80-68 28-32 3:16 10-27 en 53°38 4-87 
mo, 4 ...... 265-6 265:3 63-85 30-94 2-28 12-04 ia 53°31 1-41 
otals ...... 1034:3. 1033-2 337-27 — as — =e — a 
_ Averages... 258-6 258:°3 84-31 32-94 3°55 7:97 0-66 48-13 6-73 
Batcu No. 2. 
Experiment from May 14th, 1918, till January 4th, 
1914=235 days. | 
Lobsters No. 1 and No. 4 are for the entire period. 
Lobster No. 2 from June 18th, 1918, till January 4th, 
1914=200 days, and Lobster No. 3 from May 14th, 
1913, till November 4th, 1913=184 days. 
Alcoholic 
Live Weight Dry Protein Extractives Undeter- 
In grams Weight WN x 6:25 Fat non-Fatty Glycogen Ash mined 
In per- per- per- per- per- per- 
Beginning End grams centage centage centage centage centage centage 
hel Se 301-9 301-7 60-13 22-11 2-56 8:54 Absent. 65-90 0-79 
IO, 2 vsades 271-0 270°5 77-67 21-30 0-99 9-12 a 65-40 3:19 
re 220-7 — 39-23 18-04 3°59 12-05 ae 65:56 0-76 
ae Sa 224-7 226-4 #£61-79 23-75 1-44 7-00 Pp 62:45 5-36 
S Totals ...... miss 10193 29882 — — — — = 
Averages... 254-5 254:8 59-70 21-30 2-14 9-17 i 64-82 2-52 


, 
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Although the live weight remains constant, even after 
more than 200 days without food, the analyses show that 
the total dried weight has fallen from an average of 
84°31 to 59:70, and this reduced dried weight also consists 
much more largely of inorganic constituents, for the ash 
of the normal lobster averages 48°13 per cent. of the dried 
weight, while the ash of the lobsters kept without food 
averages 64°82 per cent. of the dried weight. 

The ash subtracted from the total dried weight — 
gives the -total organic matter, and when this 
operation is carried out it appears that the con- 
trol lobsters possess 51°87 per cent. of their weight as 
organic matter, while the experimental lobsters have only 
30°18 per cent. of their weight as organic matter. If now 
these percentages be applied to the actual dried weights 
in grams, then it appears that the average weight of 
organic matter in the four control lobsters is 43°73 grams, 
while the corresponding average for the four experimental 
lobsters which fasted through the more prolonged periods 
is 21:00 grams. The difference in these two figures gives 
the amount of organic matter upon which the animals 
have subsisted. It averages for each lobster 22°73 grams, 
and the period without food averages 213 days. The 
‘daily consumption of organic matter from the tissues of 
the animal accordingly averages 107 milligrams. 

The details of analysis given in the table demonstrate 
that the organic matter undergoing oxidation is mainly 
protein, and for protein the weight of oxygen for com- 
bustion slightly exceeds the weight of the dry protein, 
so that the consumption daily of 107 milligrams of protein 
would mean the disappearance each day of 120 to 130 
milligrams of oxygen on an average throughout the 
period. 

The actual determinations of oxygen as stated earlier 
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in the paper show a consumption of 120 to 140 milligrams 
daily at the start in May. The consumption probably 
increased somewhat with the temperature in the summer, 
and then slowed down as winter approached, and as 
reserves of organic foodstuffs began to be exhausted, so as 
finally to drop to about one-half at the end of the experi- 
ment. 

There is accordingly no need to call in any hypo- 
thetical dissolved organic matter in the sea-water to 
account for the experimental results. The animals are 
able to survive all these months because the rate of oxida- 
tion to supply their own individual needs is so small, and 
when the loss of organic matter is calculated out as above, 
it is found to balance fairly accurately with the daily 
consumption of oxygen. 

The aggregate weights of the four lobsters in the three 
batches are not very widely removed from one kilogram, 
and it facilitates comparison to reduce each batch to an 
equal weight. This calculation has been made in the 
following table which shows quantities per 1000 grams 
of live weight. 


Comparison or Constituents 1N 1,000 Parts or Live WEIGHT. 
Total Alcoholic 
E 


Dry Organic X- Undeter- 
Batch Weight Ash Matter Protein Fat tractives Glycogen mined 
Controls ... 331-2 151-69 180-14 112-04 16-66 27-26 3:25 20-98 


Batch No. 1 326-1 156-96 169-15 107-42 11:57 26-00 217 21-95 
Batch No. 2 235-4 152-38 82:12 49-31 4:72 * 21-15 Absent. 5-91 


Attention may be drawn to the remarkable constancy 
of the ash representing the inorganic constituents in the 
above comparison. A fast of over seven months, which 
reduces the organic matter by well over one-half leaves 
the inorganic constituents as at the beginning. Turning 
to the organic constituents, by taking differences from the 
controls, the amounts of protein, carbohydrate, and fat, 
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combusted in the time-intervals of the two experiments, 
may be fairly closely determined. It is clearly to be 
remembered that this is not the metabolism rate for a 
single lobster of 1,000 grams, but the average metabolism 
rate of four lobsters roughly aggregating 1,000 grams in 
weight, and proportionately reduced for purposes of com- 
parison to 1,000 grams. | 
The consumptions are as follows :— 


ConsumPTIon OF Foop In Grams PER KinoGRam oF LOBSTER. 


Average Total : ) 

Time Organic Alcoholic 
Interval Matter Protein Fat Glycogen Extractives Undetermined ~ 
32 days ...... 10-99 4-62 . 5:09 1-08 1-26 0-97 
213 days... 98-02 62-73 11-94 3:25 6-11 15-07 


- From this the daily consumption comes out as 
follows :— 


Datty Foop ConsumPTion PER KILOGRAM OF LOBSTER. 


Alcoholic i 
Total Protein Fat Glycogen Extractives Undetermined 


1st Batch ... 0-34 0-14 0-16 0-03 0-04 0-03 
2nd Batch ... 0-46 0-29 0-06 0-01 - 0-03 "O07 


A contrast of the shorter experiment with the longer 
one shows that proportionately more fat and carbohydrate 
are oxidised in the early stages, while in the later stages 
of inanition the consumption is mainly protein, although, 
as shown by the preceding table, some fat is still present. 


SUMMARY. 


1. Lobsters provided daily with a sufficient supply of 
fresh sea-water can be preserved alive without food 
during a period of over seven months. 

2. The live body-weight of such lobsters does not diminish 

during such a prolonged period of inanition. But 
while the actual weight of inorganic matter remains 
constant, the total dry weight and total organic weight 
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are markedly diminished, and as a result the 
percentage of inorganic matter in the dry weight 
becomes increased. 

As a result of the inanition the total oxidisable organic 
matter may fall to considerably less than one-half of 
the initial amount. 

At the commencement of the period, protein, fat, and 
carbohydrate are oxidised almost equally, later the 
carbohydrate becomes exhausted, and although fat 


_ is still present, nearly all the oxidation falls upon the 


proteins. 

There is a satisfactory correspondence between the 
amount of oxygen consumed by the animals through- 
out the period and the amount of organic matter 
disappearing. The oxygen consumed corresponds 
very closely to that required for oxidation of the 
organic matter disappearing, so that there is no 


reason to suppose that the animal utilises any 


dissolved organic matter which might hypothetically 
be present in the sea-water. 

The rate of oxidation is throughout a slow one repre- 
sentable by 120 to 1380 milligrams per lobster of 
220-300 grams at the commencement, and dropping 
to about half this quantity towards the end of the 
experiment. This amount corresponds to a little 
over one-tenth of a gram of protein or carbohydrate 


daily. 
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FURTHER NOTE ON DECAPOD LARVAE IN THE 
IRISH SEA. 


By H. G. Jackson, M.Sc. 


_INTRODUCTORY. 


The short report which follows is limited in 
scope. It contains an account of the organisms 
captured in the sea round the south end of 
the Isle of Man by means of the large Nansen 
and shear-nets (with two hauls of a “weight-net”) 
used on the S.Y. “Runa,” in April, 1913. These hauls 
were made with the object rather of collecting considerable 
quantities of the macro-plankton than for quantitative 
estimation; so, with the exception of the Decapod larvae, 
only a qualitative survey has been attempted. As both 
the large Nansen and the shear-net are of coarse-meshed 
material comparatively few of the smaller organisms were 
retained. The weight-net was an ordinary tow-net, 
equipped with embroidery canvas instead of silk, which 
was sunk by a heavy weight to a few feet from the sea- 
bottom, and towed very slowly. It proved very efficient 
for the capture of Crustacean larvae. The large Nansen 
net (1 metre in diameter at mouth) was invariably used 
as a surface tow-net in the customary fashion. The 
shear-net (of embroidery canvas, mouth 1 metre square) 
was, as usual, worked at an average depth of 10 fathoms. 
The bottles here reported on contained, therefore, two 
kinds of material; a series of surface gatherings taken in 
a large coarse net, and a series of gatherings also made 
with coarse nets at depths from 8-12 fathoms. , 

I may now give a few notes in regard to the smaller 
organisms found associated with the Decapod larvae. 


SEA-FISHERIES LABORATORY. 491 


DIATOMS. 


Coscinodiscus occurred in abundance in almost every 
netting, and Biddulphia was nearly as common, but all 
other diatoms, with the exception of Chaetoceras, were 
absent from the coarse nettings. The latter was taken in 
moderate profusion by the surface net only. 


CoPEPODS. 


Acartia claust occurred with greatest persistence, and 
was found in all but a few shear-nettings, but it was run 
very hard by Pseudocalanus elongatus, which rarely failed 
to appear. Several forms were nearly as common as these 
two. Metridia lucens, Centropages hamatus, Temora 
longicornis, and Calanus finmarchicus were only absent in a 
few of the surface gatherings, but of all the Copepods, 
only Calanus appears to swim deep enough to be caught 
in any abundance by the shear-net. Other Copepods of 
rarer occurrence were Anomalocera wpatersom, Para- 
calanus parvus, Oithona similis, and Candacia armata. 
Monstrilla was taken once in the Calf Sound, in the 
agitated water of which unusual forms such as this are 


occasionally found. 


OTHER ForMs. 


Ceratiwm (mostly tripos and intermedium) was found 
in a few gatherings; Medusoids occurred in both surface 
and deep nets; Sagitta bipwnctata was found (as usual) in 
large numbers in the deep nets and sparsely in the surface 
net; Z'omopteris was taken twice in the surface net; 
Podon and KEvadne were present in a few surface 
gatherings. Oikopleura is rarely absent from any 
gathering. 
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As one of the principal objects of the examination of 
these catches has been the identification of the Decapod 
Crustacean larvae contained in them, these will be dealt 
with in detail below, and the various other larval forms 
_ passed over with a note of their occurrence. 

Veliger larvae of Gastropods occurred in the. surface 
nets at intervals in the irregular fashion characteristic of 
plankton organisms. 

Polychaet larvae were similarly distributed, but more 
frequently found. : 

Fish eggs were abundant in nearly all the gatherings, 
whether surface or deep, but the larval fish were rarely 
found above a certain depth, and were almost confined to 
the shear and “weight” nets. 

Echinoderm larvae were of infrequent occurrence; the 
Brachiolaria occurred in three hauls, the Pluteus in two, 
and once only a post-larval stage of an Hchinoid was 
taken. | 

Crustacean larvae were abundant in every netting. 

Balanus nauplii seem to be present in enormous 
numbers at all depths. 

Copepod nauplii, larvae, and young stages were 
found in very many of the surface gatherings, but very 
few of the deep ones. 


DECAPODA. 


We now come to Decapod larvae, which show 
interesting features in their vertical distribution. By far 
the most abundant larva was the zoea (in various stages) 
of Hyas araneus. This occurred in thousands in some of 
the surface catches, but it is interesting to note that it 
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was only sparsely represented in deeper nets. The same 
apphed—in a modified way—to Pandalus montagui, but 
with most of the other larvae the reverse was the rule. 
In consequence the deep nets usually contained a variety 
of forms, and the surface net an almost pure gathering of 
Hyas. The same fact has been noticed in the catches now 
in course of collection (April, 1914), and it is a very 
common thing when examining living collections to see 
many little black specks (the colour of Hyas) in a surface 
netting, which are replaced by red ones (the colour of 
Eupagurus) in a deeper gathering. 

Eupagurus is one of the most typical and abundant 
of the deeper forms, and, in fact, is not often seen in a 
surface gathering. ‘This fact possibly accounts for the 
difficulty experienced in rearing these larvae in the 
laboratory. In the statement on Decapod larvae in the 
1912 Report, I noticed that Hupagurus bernhardus seemed 
to be almost exclusively present in the spring and its 
fellow, #. prideauav, in the autumn. The same‘is borne 
out (as far as the former species is concerned) by the 
present material, which contains only EL. bernhardus, and 
another Kupagurid, of whose identification [ am in doubt. 

Portunus puber was tolerably common in the surface 
nettings only, and P. depurator turned up occasionally. 


The following is a list of the Decapod larvae found. 
That the list is not longer is probably due to the fact that 
the deeper nets, which are most effective for catching these 
larvae, happened to be comparatively seldom applied in the 
routine of plankton investigations during this particular 
season. 


Eiyas ATanNeus .......0... April 7th, 8th, 10th, 11th, 12th, 


14th: 16th; “1th, 18th, 
2st. 
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Portunus puber ...1...: 


Pivdepurator 532 eks x. 
Corystes casswelaunus... 
Pilumnus hirtellus..... ... 
Galatea isp: ieeiGn. 


Eupagurus bernhardus.. 


EU PAGUPUS SP. caepsen 
Munida rugosa 


Pandalus montagut .... 


P.. brevirostris ........0.0 
CrANGON iSP.. se5.8eei ier: 
Nephrops norvegicus .... 
Other Macrurans 


EKuphausids 


7th, 11th, 14th, 17th, 18th, 
2lst. 

11th, 21st. 

11th, 17th, 18th, 2ist 

7th, 8th, 14th, 15th, 21st. 

7th, 8th, llth, 12th, 14th, 
15th, 17th, 18th, 2lst. 

7th, 8th, 10th, 11th, 12th, 
15th, 17th, 18th, 21st. 

Tihs ste 

7th, 8th, 21st. 

7th, Sth, 11th, 12sheet4ie 
15th, 17th, 18th, 2lst. 

17th, 2st. 

7th, 8th, 14th, 2lst. 

7th, 8th, 21st. 

7th, 14th, 15th; 21st 


—Tth, 11th, 12th, 14th, 15th 


1vth, 21st. 


The various larval stages of the above species occur in 
such apparent confusion in the same gatherings that there 
seems no object in enumerating them. There is no logical 
succession, as one often catches earlier stages of the same 
animal on later days than the ‘older stages have been 


caught. 
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ON THE DRIFT OF SEWAGE IN THE DOVEY 
ESTUARY IN RELATION TO THE MUSSEL BEDS. 


By Frep. W. DurRLAcHER, 
University College, Aberystwyth. 


(With Chart.) 


In all, I paid four visits to Aberdovey, each time 
staying two days, except on the first occasion, when I 
only stopped a few hours for a general look round. On 
going down to the wharf on that day, two or three hours 
after high tide, the presence of the sewage in the neigh- 
bourhood was most evident; but I shall return to the 
conditions at the sewer outfall later. 

I started actual observations with Captain Lewis the 
following week, on Friday, 31st October, 1913. Each day 
before commencing work with the floats we made a rapid 
round in the launch of several stations I had fixed before- 
hand as likely to be most interesting as regards salinities, 
temperatures, &c., and we endeavoured to get readings at 
those various spots, which I have marked on the map, 
within as short a period as possible, while conditions were 
fairly uniform. I have dealt with the hydrographical 
readings separately. 

_ The floats we used were simply laths from a venetian 
blind, to which a small stick and flag were attached, 
weighted at one end with a stone of sufficient size to keep 
the whole thing upright. Such floats drew about 
2 ft. 6 ins. of water, and were not likely to be much 
affected by the wind. 

I will now deal in order with the results obtained 


under the different sets of conditions. 
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October 3lst.—Spring tides. Wind, W.S.W. strong. 
Frequent severe squalls. Three-and-a-half hours after 
high tide we released two floats at a point opposite the 
sewer, and about 20 yards from its mouth. This was 
really too far out, but we wanted to give the floats every — 
chance of clearing the wharf. As a matter of fact, both — 
skirted the piles very closely, and took a line in direct 
continuation of the line of the pier, as shown on the map, 
eventually touching the ground at the point shown. 
Current running about 17 miles per hour. 

November I1st.—Spring tides. Wind, S. light. 
Speed of current 23 miles per hour. A float and a bottle 
were released on 24 hours’ ebb somewhat closer in than 
on the preceding day, at a point where the stream of 
sewage would likely be deflected. Both made straight 
for the wharf where they eddied about around the piles 
for 15 minutes or so, eventually getting free, and taking 
the same line as before, and going aground on the same 
spot. While watching these floats, I noticed a little 
further up the shore the two I had released the day before, 
which, no doubt, had been carried up the river by the 
flood, and brought down again by the ebb. This point 
seems to be of importance, and I will refer to it again in 
my summary. 

November odth—Neap tides. Wind, W.N.W. 
moderate. Speed of current about $ mile per hour. We 
released a float on the flood tide 14 hours before full. 
It passed within 100 feet of the wall of the Literary 
Institute, and about the same distance from Penhelyg 
Police Station. The stream from the sewer was quite 
noticeable, there being evidently some oily matter present; 
the gulls, too, generally afford a good indication as to its 


whereabouts. Opposite Penhelyg the float was making — o 


but very little progress, the tide being by this time about 
slack, and we abandoned it. 
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November 6th.—Neap tides. Wind, S. moderate. 
We dropped a float after the flood had been running an 
hour. It passed about 60 feet off the end of the Literary 
Institute, and 150 feet off Penhelyg Point, whence 
it stood out to the south-east, and took a line up the main 
channel, going aground at the spot indicated on the map, 
the time occupied from the mouth of the sewer being 11 
hours. No doubt, with the rising tide, the float would 
have eventually proceeded further, but we were obliged 
to leave it. 

Speed of current 540 yards per hour. 

November 26th.—Spring tides. Wind, W.N.W., 
fresh breeze. The float was dropped on the flood tide 
two hours or so after turn. It followed practically the 
same line as on the 6th November, as far as Penhelyg, 
but there, instead of standing out so far to the South, 
took a line about 200 yards outside Trevri, in practically 
a due easterly direction. 

November 27th.—Spring tides. Wind, S8.W. lght. 
We released the float as soon as the flood tide began to 
move, 1.e., at 3.30. It passed within 20 yards of the end 
of the Literary Institute, and at 3.55 passed within 
10 yards of Penhelyg Point. Its progress past Penhelyg 
was very slow, 20 minutes were occupied in covering 
100 yards. Opposite Penhelyg tunnel, about 30 yards 
from the shore, it was moving somewhat faster, but owing 
to the failing light we were unable to follow it further. 
Captain Lewis felt certain that it would have remained 
close inshore as far as Trevri. Time from sewer to Pen- 
helyg tunnel 50 minutes. 

Appended is a table showing the various sets of condi- 
tions I was able to work. At springs I worked both ebb 
and flood, at neaps only flood tides. I feel sure, however, 
that the ebb of neap tides would have given me identically 
the same results with the floats as already stated. 

DD 
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SPRINGS. 

Date, State of tide. Wind, Speed of current. 

1913. itae 
Oct. 31st. | 34 hours ebb. | W.S.W. strong. 1% miles per hour. 
Nov. Ist. | 24 hours ebb. | 8. light. 2% miles per hour. 
Nov. 26th. | 2 hours flood. | W.N.W. fresh breeze. | 1520 yards per hour. 
Noy. 27th. | 1 hour flood. | 8.W. light. About 4 mile per hour. 

NEAPS. 

Nov. 5th. | 44 hours flood.; W.N.W. moderate. About 4 mile per hour, 
Nov. 6th. | 1 hour flood. | 8. moderate. 540 yards per hour. 


I shall now give the conclusions to be drawn as to the 
conditions generally. 

Captain Lewis tells me that during the winter the 
sewage pipe is permanently open, this being thought the 
most satisfactory way of dealing with it. I have seen it 
stated in Dr. Bulstrode’s report on mussel contamination, 
and in Dr. Johnstone’s report recently, on the authority 
of the local officials, that the flow of the sewage is such, 
that on a flood tide it is carried over to the south side of 
the river, and then out to sea. This is obviously not the 
case. The direction as far as Penhelyg is close to the 
north shore, and directly over the mussel beds. At 
Penhelyg, on a rising tide, there is a big eddy caused 
by the projection of the point, which throws the water 
back, and the floats remain stationary for some time. 
What happens subsequently depends chiefly, so far as I 
could judge, on the state of the tide. If the tide is fairly 
high, and the current running strongly, the floats will 
follow the bed of the river, and as the amount of water 
diminishes, so the line taken will be nearer inshore. It 
seems to me likely that a fair amount of sewage gets 
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deposited beneath the eddy at Penhelyg, where there is a 
deep pool from which mussels are taken. 

As regards ebb tides the flow of the sewage is bound 
to be all round the wharf, whatever the wind, and it sub- 
sequently skirts the beach. You will notice that on 
November 26th, with the wind W.N.W., the drift of the 
floats was still close inshore. I am of the opinion that, at 
any rate at neap tides, the greater amount of sewage 
does not get carried out to sea at all, but moves up and 
down within the bounds shown on the map. That this is 
so to a certain extent, is shown by the fact I mentioned 
earlier in the report, of my finding the two floats at prac- 
tically the same spot where they had gone aground the day 
previous. 

If the sewage is liberated on the ebb, the conditions 
about the wharf and along the beach must be particularly 
objectionable in summer, and it is easy to understand the 
authorities releasing it on the flood when the town is full 
of visitors. Mven with the small winter population the 
conditions are fairly bad, and on my last visit I could see 
the sewage on the sand about the pier at low tide, within 
20 yards of where two or three men had their boats moored 
raking mussels. I think it is only fair to say I could see 
no trace of it along the shore, West of the pier; neverthe- 
less, it is particularly evident that mussels fished in the 
vicinity of the wharf are unfit for human consumption. 

The mussels this year are not very plentiful, the 
average take being about one-half to three-quarters of a 
bag a tide per man. Those which I saw in one of the 
men’s boats were of very good size. Asa rule six to eight 
boats were generally to be seen at low tide between the 
wharf and Penhelyg. 
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HypDROGRAPHICAL READINGS. 


Some 60 hydrometer readings were taken between 
October 31st and November 27th, but as seven stations 
were tested, the actual number of readings per station 
proved too few to establish anything but the very broadest 
generalisations. : 

- During the four weeks of observations the climatic 
conditions varied greatly, particularly with regard to the 
quantitative distribution of rainfall. The funnel-like 
shape of the estuary is to some extent broken by the 
northward projecting mass of marsh, sand, &c., capped 
by Twyne Bach. This projection may cause some con- 
siderable ponding and less direct circulation in the South 
of the area (see map for position of larger cockle bed). 
The northern portion of the estuary, i.e., the major 
river area appears to have strongly marked ebb and flood 
currents and the mixing of fresh and salt water is both 
rapid and complete. 

The area showed very great differences in salinity, 
varying from a specific gravity minimum of 1°0048 at 
the wharf on Thursday, November 27th, on slack tide 
at 3.30 p.m. to specific gravity maximum of 1°0260 at the 
same station on Saturday, lst November, on full flood tide 
at 10.0 am. This particular variation from slightly 
brackish to heavily salted water is an unusual one, and 
was largely due to the rainfall distribution immediately 
precedent to these dates, e.g., the rainfall as registered at 
Aberdovey itself was 0°77 inches for the week preceding 
November Ist, and upwards of 1} inches for the week 
preceding November 27th, while the differences in the 
area marking the gathering ground of the Dovey were 
much in excess of this. 

The general changes in salinities are more or less in 
accordance with the particular estuarine conditions which 
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prevail, e.g., is dependent upon strong ebb and flood. Of 
the seven stations taken (see map), the greatest change 
was recorded at station No. 3, but here the conditions are 
to some extent abnormal, inasmuch as a brook enters the 
estuary from the North, immediately in the vicinity of 
this station. sy 

The effect of flood does not appear to be felt in the 
estuary for at least one hour after it has been running 
outside the bar, the strength of the river current being 
sufficient to neutralise its effects. There appears to be a 
fairly well marked banking up of fresh water on turn of 
tide. | ; 

The chart as it is here reproduced shows the 
present (December, 19138) distribution of river channels, 
which are continually changing. In consequence of these 
changes there are distinct indications that Trevri 
(Station 7) is now in the nature of a back-water, and often 
contains salter water than its position appears to warrant. 

It was almost impossible to determine the differences 
in salinity in the area consequent on the change from 
neaps to springs, particularly so as the stations were all 
perforce chosen to the North side of the estuary. 


HyproGRaAPHicaL READINGS (Tabulated). 


October 3lst.—Springs; high tide, 9.5 a.m.; observations begun 12.30 
p.m. ; wind, W.S.W. strong. 


Stations, Temperature | Specific Gravity. 
of Water. 
EIU ssc rccecr sear scceccsciasssccccsesses 11-6 10245 
I acca scraccevssssadcncersesccececs 11-4 1-0243 
ee icc dass desice sdecnadvoynccvcccesnes 11-6 1-0235 
EEOCY EOSGIGUTO ........00ccsrcccccecseooes 11-6 1-0240 
Sn) 11-6 1-0236 
6. June. of Trerddol and Main Stream ... 11-6 | 1-0240 
Te oy od auic lv casnccedssceevcredsiobeees 11-8 1-0230 
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November Ist.—Springs ; high tide, 9.30 a.m.; observations commenced on 
top of tide; wind, §S. light. 


Station, Temperature | Specific Gravity. 
of Water. 
il 12-2 1-0265 
2. 11-8 1-0265 
3. 12-2 1-0260 
4, 12-2 1-0265 
5. 12-2 1-0262 
6. 12-2 10262 
ip 12-2 1-0260 


November 5th.—Neaps; high tide, 1.0 p.m.; wind, N.N.W. moderate. 


Time of Station, Temperature, Specific Gravity. 
observation. 
10.0 a.m. 1 1) -a 1-0213 
10.5 2 10-7 10186 
10.15 3 10-6 10185 
10.20 4 10-7 1-0195 
12.0 noon Do, 2nd reading. 11-2 1-0259 
11.0 a.m. 5 11-1 10229 
11.15 Do. 2nd reading, 11-4 1-0242 
11.5 6 11-4 1-0244 
11.10 7 11-0 1-0220 


November 6th.—Neaps ; high water, 1.45 p.m. ; wind, 8. moderate. 


Time of Station, Temperature, Specific Gravity. 
observation. 

9.45 a.m, 1 9-5 1-0150 
10.0 2 9-3 10125 

9.30 3 9-1 10110 
10.35 4 9-3 10125 
10.50 5 9-6 10133 
11.5 6 10-0 10155 - 
12.15 p.m. a 10-1 10195 


On this date owing to an accident to the launch we were obliged to row, the 
observations were thus taken at wider intervals than usual. 


a 
ot 


SEA-FISHERIES LABORATORY. 


433 


November 6th, afternoon.—Neaps ; high water, 1.45 p.m.; wind, calm. 


Time of 
observation. 


Station. 


WHO WwWY 


Temperature. 


— — 
SEoeoros 
WH OOO he OL 


— 


Specific Gravity. 


November 26th.—Springs ; low water, 1 p.m.; wind, W.N.W., fresh breeze. 


Time of 
observation. 


1.0 p.m. 
eta 12 
and 1 p.m. 

12.0 noon 


November 26th.—Springs ; wind, W.N.W. 


Time of 
observation. 


Station. Temperature. Specific Gravity. 
1 9-2 1-0098 
3 9-2 1-0078 
t: 9-2 1-0080 
5 | 9-2 10072 
Station. Temperature, Specific Gravity. 
] 9-1 1:0107 
3 9-2 1-0075 
Do, 2nd reading, 9-2 10150 
4 9-1 10107 
Do, 2nd reading. 9-2 1-0140 
5 9-2 1-0090 
Do, 2nd reading. 9-3 1-0170 
7 9-2 1-0120 


November 27th.—Low water, 1.30 p.m.; wind, 8.W. light. 


—— 


Station, 


Do. 
Do. 


5 


1 

. 2nd reading. 
3 

2nd reading. 
4 

2nd reading. 


. 2nd reading. 
6 


Temperature. 


© 
oo 


Pe ee 
were we dre 


Tot 
— 


ou ce 


Specific Gravity. 


1-0200 
1-0160 
1-0190 
| 1-0142 
1-0187 
1-0136 
10177 
L-O130 
10190 
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November 27th, afternoon. 


Time. Station, Temperature. Specific Gravity. 
3.5 p.m. 1 oa 1-0085 
3.25 2 9-1 1-0048 
3.30 + 9-0 1-0060 
3.35 5 9-0 1-0057 


EXPLANATION OF THE CHART. 


The Chart has been copied in general from the 6-inch 
Ordnance Maps of {ihe District, but the present (December, 
1913) situations of the banks and channels are repre- 
sented instead of those given on the Maps. 

The directions taken by the floats are indicated by the 
straight lines and arrows. The float was liberated in each 
case at the beginning of the line and abandoned at the 
portion marked by the last arrow-head. : 

The stations where hydrographical observations were 
taken are denoted by numbered symbols, thus: *2. 

The positions of the various mussel beds are shown 
on the Chart by cross hatchings. 
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ON THE DRIFT OF SEWAGE IN THE ESTUARY 
OF THE MAWDDACH IN RELATION TO THE 
MUSSEL BEDS. 


By Frep. W. DuruacHeEer, 


University College, Aberystwyth. 
(With Chart.) 


My observations at Barmouth extended over a period 
of 10 days, and the methods followed were precisely the 
same as at Aberdovey. 

Possible sources of contamination are the two main 
sewers, whose positions and those of the mussel beds, are 
shown on the accompanying map; the privies on the quay, 
emptying directly into the water or on to the sand beneath ; 
and five or six drains which discharge from as many 
houses on the cliff at Aberamffra. Of these there need 
scarcely be any doubt that the first sewer, situated a mile 
or so North of the harbour, can be neglected. During my 
stay the weather was too rough to allow of a practical 
verification by means of floats of the direction of the drift 
from these pipes; nevertheless, it can be taken as practi- 
cally certain that the flood tide carries the sewage away 
towards the North, and the strong flow out of the estuary 
prevents any sewage entering the River on the ebb. 

The tidal scour of the estuary is very strong, the 
speed of the flow at springs beneath the iron railway 
bridge being about 5 miles per hour, while the flow over 
the mussel beds at Aberamffra at similar periods is from 
2-3 miles per hour. At neaps this rate is reduced by about 
one-half. 
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April 14th, 1914.—Neap tides: fresh westerly breeze. 
A float released at half-flood opposite the buoy marking the 
sewer outfall passed between the 7th and 8th piles of the 
wooden railway bridge, and 100 yards off Coes Faen. It 
then stood out towards the south shore. Another float 
- dropped close inshore opposite the drains from the houses 
at Aberamfira was carried some yards down river by the 
eddy, against the set of the tide, then turned and skirted 
the shore afew yards out. It remained close inshore opposite 
Aberamffra, and passed 50 yards out from Coes Faen, in 
the direction of the cockle beds. 

Afternoon.—Hbb tide. A float released after 14 hours 
ebb close inshore, opposite drains at mae went 
ashore 20 yards lower down. 

Half-an-hour later a float, dropped opposite the sewer 
buoy, took a direct line for the Point of Ynys-y-Brawd, 
where it eddied around, and finally went aground. 

April 6th.—Fresh westerly breeze: flood tide. The 
float dropped opposite the sewer buoy, on half flood, passed 
just inside outer line of buoys marking the channel above 
and below the bridge, and 30 yards off Coes Faen. 

April 7th. Fresh W.N.W. breeze: ebb tide. A float, 
released about 15 yards outside the sewer buoy on last of 
ebb, came inshore as far as the point of Ynys-y-Brawd, 
went 30-40 yards up river with the eddy of the island, and 
opposite the sewer buoy remained practically stationary, 
the tide being slack. 

Afternoon.—First of flood. From the sewer outfall 
the float took a somewhat zigzag course. It passed first 
just inside the inner of the buoys marking the channel 
below the bridge, under the furthest arch of the iron rail- 
way bridge, inside the outer of the buoys marking the 
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channel above same, 20 yards off Aberamffra Quay, prac- 
tically touched Coes Faen, and then stood out to the South. 
About 1} hours later the float was seen aground on the 
rocks at Coes Faen, doubtless having been carried round 
by the eddy off the sandbank at that point. 7 

April 8th.—Fresh N.W. breeze: ebb tide. After 
about 4 hours’ ebb a float was dropped 15 yards outside the 
sewer buoy. It ran about 150 yards straight down towards 
the bar, and then crossed to the further bank, continuing 
its course very close inshore. 

Another float released one hour later passed close 
inshore past the beacon on the point of Ynys-y-Brawd, 
and continued its way towards the bar about 10 yards out. 

April 9th.—Springs: strong 8.S.W. breeze: ebb tide. 
A float released on the ebb, about 1 hour earlier than on 
April 8th, gave practically the same results, the course 
followed being somewhat further out from the shore. 

Another fioat was dropped over the quayside at half- 
ebb (10.15 a.m.) opposite the drain from the privies. At 
low tide this was found high and dry, about 10 yards out 
close to the spot of its release. At about 5 p.m. it was 
refloated by the flood tide, and stood out into the main 
channel, passing between the 7th and 8th piles of the 
wooden railway bridge. 

Afternoon.—The float dropped at 4.30 p.m., at half- 
flood, passed under the furthest span of the iron railway 
bridge. From this point it was lost sight of, but we 
believed that it stood out towards the south shore in the 
direction of Fegla Fawr. 


CONCLUSIONS AS TO THE DRIFT OF SEWAGE. 


The sewer which discharges into the harbour has its 
outfall marked by a buoy which is placed about 400-500 
feet to the Hast of Trwyn-y-Gwaith, and originally was 
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provided with a flap which was intended to prevent the 
escape of sewage at other than ebb tide. This flap, so I 
was told, became detached some years ago, and in addition 
a number of pipes have worked loose, become unbolted or 
broken, so the sewage now escapes at all states of the tide, 
and at a point some 40 feet nearer shore than the point 
marked by the buoy. I also heard that one of the pipes 
had even been standing on end, and had to be removed, as _ 
it was a danger to navigation. I should, therefore, have 
dropped my floats 40-50 feet closer inshore, but this was 
impossible owing to the danger of the launch going 
aground. The results obtained on ebb tides showed that 
at neaps the sewage does not get carried down to the bar, 
but is held in the eddy off Ynys-y-Brawd, moving up and 
down between the island and the sewer outfall till turn of 
tide. The sewage at such periods can be seen at the sur- 
face in the area marked, and also lying about the shore of 
the island near the beacon. At spring tides the floats were 
carried down towards the bar and out to sea. | 

A lavatory with three privies on the quayside is 
another contaminating influence in this area, which dries 
out completely at low tide. Any sewage entering here 
is likely to accumulate, and probably only gets carried 
away by a strong flood tide. On flood tides the direction 
taken by the floats after reaching the railway bridge 
depends on the state of tide and the amount of water in 
the estuary. The earlier the state of tide the closer inshore 
is the drift likely to be. At no state of the tide though 
did the floats pass directly over the mussel beds between 
the bridge and Aberamffra harbour. Considering the — 
distance of these beds from the sewer outfall it seems pro- 
bable that a good deal of the contamination of these 
mussels is due to the drains from the houses on the cliff 
which empty directly on to the beds, Here, too, at low 
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tide, I have seen sewage lying on the shore. The only 
spot which seems at all safe at present for purification 
tanks is Penrhyn Point or its neighbourhood. A number 
of stones are thrown up on this part of the shore, which 
is in the nature of a storm beach, and if tanks were con- 
structed, some method would have to be devised to keep 
them free from such stones. Although there is no tidal 
set in this direction, nevertheless, with a N.W. wind 
surface water would be blown across from the vicinity of 
the sewer outfall. 

Tt seems as if, quite apart from mussels, some repairs 
will have to be carried out on the harbour sewer pipe, 
which is in a bad state. If, when this is done, several 
more lengths could be added, the flap refixed, and another 
method found of draining the houses on Aberamftra cliff, 
the mussels at Aberamffra should be rendered absolutely 
safe. 


HypDROGRAPHICAL READINGS. 


The hydrometer readings do not call for any special 
comment, being fairly consistent and presenting nothing 
abnormal. As at Aberdovey, the effect of the flood is not 
felt in the estuary for one hour or more after it has been 
running outside the bar, and there is a considerable 
banking up of fresh water on the turn of the tide. 


April 6th, 1914.—Neaps; first high tide, 5.0 a.m. ; readings taken from 
3.10 p.m. to 3.20 on half flood; fresh Westerly breeze. 


Cee SE ————————_—_—_—_—__—___EE__eeeeeeeeeeee 


Air Temperature. Water ee eae 
Station, Readings taken 10 a.m. Temperature, | Specific Gravity. 


11-1°C. 9-4°C, 
9-3 
9-4 
9-2 
0-4 


PATS 
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Readings taken from 5.25 p.m. to 5.40 p.m. on top of flood, 


2 111°C: 9-0°C. 1-0257 
3 Be 9-1 1-0255 
4 95 9-1 1-0255 
5 Ay 9-1 1-0256 
6 Ss 9-3 1-0255 


April 7th.—First high tide, 5.45 a.m.; readings taken from 11.15 a.m. to 
11.30 a.m. ; fresh W.N.W. breeze. 


Air Temperature. Water 
Station. Readings taken 10 a.m. Temperature. | Specific Gravity. 
1 12-8°C. 8-4°C. 1-0123 
2 ba Tide too low —. 
3 is 8:3 1-0126 
£ 55 8-1 1-:0084 
5 5 8-3 1-0070 
6 53 8-2 1-0060 
Readings taken from 2.15 to 2.30 p.m. on first of flood. 

I 12-8°C. 9-0°C. 1-0093 
Z Be Tide too low — 

3 s 8-8 1-0082 
4 - 8-9 1-0054 
5 ‘ 8-6 1-0072 
6 b, $8 2 1-0047 

Readings taken from 3.45 p.m. to 4.5 p.m. 

1 12-8°C. 9-0°C. 1-0253 
2 “5 9-0 1-0250 
3 9-0 1-0246 
4 a3 9:1 1-0245 
5 _ 9-0 10242 
6 2 9-0 10245 


April 8th.—First high tide, 6.32 a.m.; readings taken from 10.20 a.m. to 
10.40 a.m. on two-thirds ebb; fresh N.W. breeze. 


—$<—<—__— — — — 


Air Temperature. Water 
Station. Readings taken 10 a.m. Temperature. | Specific Gravity. 

1 10-6°C. 8-4°C. 1-0213 
2 ae Tide too low — 

3 53 8-3. 1-0210 
ss “ 8-3 1-0187 
5 5 8-2 1-0165 
6 “3 8-2 1-0162 


SEA-FISHERIES LABORATORY. 44] 


Readings taken from 11.50 a.m. to 12.10 p.m. on last of ebb. 


1 10-6°C. S220: 1:0145 
2 ee Tide too low — 

3 % 8-1 1:0148 
4 - 8-0 1:0110 
5 _ 8-1 1:0101 
6 | E 8-2 1-0095 


April 9th.—Springs ; first high tide, 7.14 a.m.; readings taken from 10.30 
a.m, to 10.50 a.m.; strong 8.S.W. breeze. 


Air Temperature. Water 
Station, Readings taken 10 a.m. Temperature. | Specific Gravity. 

Mi 13-9°C. 88°C. 1-0245 
2 - Tide too low —— 

3 <5 8-8 1-0241 
4 ES 8-0 1-0237 
5 - 8-8 1-0235 
6 ; 9-0 1-0230 

Readings taken from 4.5 p.m. to 4.30 p.m. on half flood. 

1 13-9°C. 9-3°C. 1-0175 
3 . 9.2 | 1-0178 
4 , 9-0 1-0165 
5 a 9-1 1-:0158 
6 9-0 10137 


an 


April 10th.—First tide, 7.57 a.m. ; readings taken from 12.45 p.m. to 1.5 p.m. ; 
strong 8.W. breeze, 


Air Temperature. Water 
Station. Readings taken 10 a.m. Temperature, Specific Gravity. 
1 128°C. 9-2°C. 1-0225 
3 # 9-3 1-0210 
+ * 9-2 1-0200 
5 ‘a 9.2 1-0193 
6 ¥s 9-3 1-0180 
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Readings taken from 3.15 p.m. to 3.30 p.m. 


i 12-8°C. 9-8°C. 1-0136 
3 9 9:9 1-0137 
4 fe 9-8 10118 
5 . 9-8 10107 
6 i 10-0 10117 


Readings taken from 4.45 p.m. to 5.0 p.m. 


1 12-8°C. 9-9°C. 1-0139 
3 x 9-6 1-0146 
4 i 9:8 1-0118 
5 2 9-6 1:0135 
6 9-9 1.0094 


April 13th.—First high tide, 10 a.m.; readings taken from 10. 40 a.m. to 
10.55 a.m. on first of ebb ; moderate Westerly breeze. 


Air Temperature. Water 
Station. Readings taken 10 a.m. Temperature. Specific Gravity. 
3 12-8°C 9-2°C. 1-0262 
4 a 9-2 1-0268 
5 - 9-2 1-0263 
6 $6 9-2 1-0266 
Readings taken from 12.15 p.m. to 12.35 p.m. 
1 12-8°C. 9-4°C. 1-0268 
3 53 9-5 1-0268 
4 5 9-4 1-0260 
5 A 9-4 1-0260 
6 9-5 1-0262 


The amount of rainfall for March in the district affecting the Mawddach 
was approximately 6 inches, which is some 200 per cent. of the average for 
this month. 


EXPLANATION OF THE CHART. 


The accompanying Chart has been reproduced from 
the 6-inch Ordnance Map of the district, with certain 
additions which are noted on the Chart. 
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REPORT ON THE EXAMINATION OF VARIOUS 
MUSSEL BEDS IN LANCASHIRE AND WALES 
DURING THE YEAR 1913. 


With Five Plates. 


By Jas. Jounnstone, D.Sc. 


CONTENTS. 
1. The Mussel Beds at Port Madoc ay tae wit sae 
2. The Mussel Beds at Aberdovey ... ane ae ye 447 
3. The Mussel Beds at Barmouth ... ese ae Sis 452 
4. The Ribble Mussel Beds ... as sa ee ae 457 
5. The Roosebeck Mussel Scar _... a as - aa 463 
6. Preliminary Bacteriological Analyses ... rae aoe 463 


A proposal has been made by the Joint Committee 
during the present year to obtain a Regulating Order 
enabling them to supervise the collection and storage of 
mussels in the estuaries in Cardigan Bay; and in con- 
sequence of this proposal inspections of these shellfish 
beds and analyses of mussels taken from them have been 
made. I visited the Port Madoc area in May, 1913, and 
met Mr. Casson and Captain Pritchard who accompanied 
me in the inspection of the estuary. In June I visited 
Aberdovey, and in July Barmouth, being assisted on 
each occasion by Captain EH. Lewis, ‘he Fishery Officer in 
charge of the district. Also, in October, some com- 
plaints were received by Dr. Jenkins with regard to the 
Mussel Beds in the Ribble Channel near Lytham, and 
he and I visited this area, where I collected samples for 
analysis. Mr. Scott visited Roosebeck in October. 

EE 
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(1) The Mussel Beds at Port Madoc. (Plate I.) 


These particular beds have been attended to from 
time to time. I first visited Port Madoc in November, 
1906, when I took samples and made analyses; and a 
further inspection was made by Dr. Bulstrode and myself 
in 1908. No report, however, has yet been made with 
regard to this area. The mussel fishery is not one of 
great importance, and those engaged in it work, for the 
most part, casually, in the intervals of other kinds of 
employment, or as a temporary change from idleness, 
or want of employment. The industry is not an 
organised one, as it is at Morecambe or Conway, and it 
has hardly been necessary to report upon it. But from 
the point of view of the closer regulation of the whole 
shellfish industry of Cardigan Bay an inspection became 
necessary during the present year. | 

Musséls are found over most: parts ofthe harbour 
at Port Madoc and in the estuary near Borth. The 
shellfish in the harbour are not large ones, but those 
found at the bottom of the channel, near Borth, are large 
and well-nourished fish. 

Most of the sewers discharge into the upper parts 
of the harbour. A certain amount of sewage (No. 1 on 
the chart) flows down a small stream which enters the 
harbour well above the lock gates, and to the west of 
the latter. This stream also receives the sewage dis- 
charging from the Chapel Street sewer, and representing 
a population of about 2,000 persons. Normally, this 
sewage flows, at low water, through a small channel in 
the mud in the upper part of the harbour, but higher up 
than the Gasworks there is a bye-pass leading into a 
small brook through which sewage from Outfalls Nos. 1 
and 2 may enter the Glaslyn River to the east of the 
lock-gates. There is another outfall, No. 4, on this side 


| 


SEA-FISHERIES LABORATORY. 445 


serving a population of about 200 people, and nearly 
opposite this, on the Port Madoc side of the harbour, 1s 
another outfall, No. 3, serving also about 200 people. 
Lower down, and nearly opposite to the Ballast Bank, 
is another outfall, No. 5, from which the sewage of about 
380 persons is discharged. Lower down the estuary 
still, at Amanda Terrace, at Borth, is an outfall, No. 6, 
which drains an area populated by about 600 people. 
This was the condition of the estuary, with regard to 
sewer outfalls, in 1910. Since then a septic tank has 
been constructed at Borth. 

The channel formed by the Glaslyn river below Port 
Madoc is very shallow, and the depth of water in the 
harbour is also very little. The bar at the entrance to 
the channel is a high one, so that there is not much inter- 
change of water between the harbour and the sea outside. 
For four or five days before and after the lowest neap 
tides water probably oscillates up and down the channel 
between the harbour and the bar, and is not really 
renewed from Tremadoc Bay. For a few tides at about 
the time of the springs there will be a renewal of the 
water from outside, but for most of the fortnight between 
one high spring tide and the next one sewage probably 
accumulates in the water of the harbour and channel, 
and is then flushed out during the two or three highest 
tides of each fortnight. A certain amount of flushing 
action is probably also produced by heavy floods coming 
down from the upper parts of the Glaslyn river. Because of 
these conditions samples of mussels and water taken 
from harbour and estuary will give very different 
bacteriological results, according to the state of the tide 
when the samples are taken. I did not have time to 
make a complete series of analyses at all states of tide 
and river flooding, but if mussel cleansing works should 
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ever be contemplated in Port Madoc channel such 
analyses would, of course, be necessary. 

There does not seem to be any suitable place where 
such cleansing tanks could be erected in the upper parts 
of the harbour. The Glaslyn river, to the east of the 
lock-gates, is polluted by the sewer discharging near 
Britannia Foundry (No. 4), as well as by the sewage 
that doubtless flows occasionally down the little brook 
opening into the river here. There appear to be 
difficulties in the way of constructing any works on or 
near the Ballast Bank, though these would not be 
insuperable to an engineer if cost did not matter. Then, 
because of the imperfect flushing of the river, between 
the harbour and Borth, with flood-tide water from the 
open sea, this part of the channel is also unsuitable. 
There remains only the plan of putting up a tank lower 
down than Borth. : 

Mussels occur here and there in the channel near 
the rocks called Gareg Goch and Careg Cuwe, and it was 
suggested by Dr. Bulstrode that the seriously polluted 
shellfish from the upper part of the harbour might be 
transplanted to this part of the channel. This general 
removal of mussels from the harbour and redeposition in 
the seaward part of the channel could, of course, be 
carried out by an organisation similar to that set up at 
Morecambe some years ago, and it would lead not only 
to a certain amount of purification of the shellfish, but 
also to an increase in growth. But even here there is 
risk of pollution in such circumstances as floods in the 
upper part of the river during low neap tides. Thus the 
analysis made on llth April, 1913, showed that the 
mussels at Gareg Goch were polluted to a less degree 
than those in the harbour; this was at a time when there 
was little fresh water in the river. But on 21st April 
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the opposite state of affairs was observed: the pollution 
of the mussels at Gareg Goch was greater than that of 
the mussels from the harbour. This was at a time when 
there was much fresh water in the river, so that what 
probably happened was the scouring of the sewage- 
polluted mud and foreshore of the harbour, and the 
transport of this contaminated mud to the channel below 
Borth, thus leading to the pollution of the mussels 
there. It is to be expected that this would happen 
frequently. 

An analysis of the small mussels growing on the 
rocks at Gareg Goch and Careg Cnwe was made, and 
this disclosed a greater degree of pollution than I had 
expected. However, these rocks are at some considerable 
distance from the nearest sewer outfall, and the pollution 
is therefore less serious than the analysis seems to reveal. 
We may, I think, conclude that if a tank or enclosure 
could be constructed on the rocks at Gareg Goch and 
Careg Cnwe, so that it might be filled from the flood tide 
near its highest level, the water would be reasonably 
free from contamination. Whether such a tank or 
enclosure can be built at this place, at a cost commen- 
surate with the object to be achieved, is, of course, a 
matter for an engineer to consider. 

I think there is no doubt that the pollution of the 
mussels in the harbour at Port Madoc is too serious to 
be neglected. 


(2) The Mussel Beds at Aberdovey. (Plate II.) 


I visited Aberdovey on 19th June and collected 
samples of mussels and water for analysis. One sample 
of mussels was obtained by raking from the bottom of the 
channel close up to the Pier, at a distance of about 
400 feet from the sewer outfall. The depth at the time 
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of collection was about 20 feet. A sample of water was 
taken from the same place at the same time. Another 
sample was taken from the channel close up to the rocks 
at Penhelyg Point, at a distance of about half a mile 
from the sewer outfall. The depth of water here was 
about 18 feet, and the mussels were raked from the 
bottom of the channel. A water sample was also taken 
from this place. : 

The condttions at Aberdovey are not such as suggest 
contamination, on a superficial view of the estuary. The 
latter is rather over a mile in width at Aberdovey, so 
that an enormous volume of water must flow in and out 
at every tide. This water coming directly in from 
Cardigan Bay must be very clean. But if the estuary 
be examined at low water the conditions will then be 
seen to be such as must lead to most serious pollution of 
the mussel beds. | 

The population of Aberdovey varies from one to two 
thousand persons. The sewage produced is intercepted 
and discharged by a single sewer, a 15-inch iron pipe, 
discharging near to the Pier, and the end of which is 
covered by about 3 feet of water at low water of spring ; 
tides. There is no treatment of the sewage, but the 
outflow is intermittent. It lasts for about half an hour 
at about half-flood tide, and for the remainder of twelve 
hours the sewage is banked up in the pipe by a penstock. 
The object of this arrangement is to prevent the fouling 
of the bathing place, which is situated to the west of the 
pier. The direction of flow of the sewage is said to be 
such that it is carried over towards the south side of the 
estuary and then out to sea. If the arrangement for 
liberating the sewage is strictly adhered to, and if the 
direction of flow is that stated above, it is difficult to 
see how the mussels in the estuary can be fouled. Still, 
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one must assume that, at other times than the holiday 
season, when there is no bathing in the estuary, the 
sewage may be liberated at any state of the tide that 
permits of the discharge; and, further, that in varying 
conditions of tides and winds and sea the direction of 
flow may be otherwise than that stated.* 

At low water the width of the open channel is not 
great. It varies from about 600 to 700 feet between 
Aberdovey and the bar, and from about 600 to 300 feet 
between Aberdovey and Trefri. The depth of water is 
also very little. At low water it is not much more than 
about one fathom on the bar, and the greatest depth in 
the channel is five fathoms, about half a mile west from 
Aberdovey. Between the bar and the pier the average 
depth at low water is only about two fathoms, while 
between Aberdovey and Trefri it is, on the average, less 
than one fathom at low water of spring tides. The 
volume of water in the channel is therefore not very 
great, and near low water of even ordinary tides any 
discharging sewage may very easily pollute the water in 
the shallow channel north from the pier. 

The mussels are found in the channel both east and 
west from the pier, and they may be obtained in close 
proximity. to the sewer outfall. East from the pier they 
are mainly found near the north side of the channel, 
where the bottom is hard, These mussels are of fair 
size and good quality. West from the pier they are 
small and badly nourished. It is proposed to transplant 
mussels from the seaward side of Aberdovey to the 
channel at Penhelyg, and further to the east. 

There can be no doubt that the mussels from the 
estuary of the Dovey are polluted so grossly that they 
ought not to be used as human food without some pre- 
liminary purification. They are bacteriologically worse 


*See the Report, by Mr. F'. W. Durlacher, in this volume, p. 425, 
on the Drift of Sewage in the Estuary of the Dovey, 
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than any Lancashire or Welsh mussels, with the exception 
of a sample which I report on later on—one taken from 
the Ribble Channel in the full flow of the polluted water 
containing the sewage of Preston, Southport (probably), 
Lytham and other towns. The counts of sewage bacteria 
in the mussels are practically the same in both cases, 
about 20,000 organisms per mussel. But the pollution 
at Aberdovey is far more significant, potentially more 
dangerous one may say, than in the case of the Ribble. 
In the latter estuary the contamination is remote, and 
it may be the case (I propose to discuss this question in 
a later report) that a lengthy sojourn of these bacteria 
in sea water may have changed their character. But in 
the case of Aberdovey the mussels may be taken from 
almost the immediate vicinity of a sewer outfall, so that 
the contamination is almost an immediate one, and only 
a very short time may elapse between the discharge of 
the sewage and its ingestion by the shellfish. In these 
circumstances the same degree of bacteriological 
pollution is more serious. 

The bacteriological contamination of the mussels — 
taken from the channel at Penhelyg is practically the 
same as that of the mussels collected from near the sewer 
outfall. The former ground is only one-half mile distant 
from the sewer. Now if the discharge of the sewage is 
regulated as 1s indicated above, and if the currents in 
the estuary are as stated, it is difficult to see how these 
mussels can be contaminated. Yet the contamination in 
June last was very notable, and we can only conclude 
that the direction of drift of surface water may at times 
be such that the sewage flows along the northern side of 
the estuary towards Penhelyg. It is also possible that 
sewage may flow from the outfall at other times than for 
one half-hour at half-flood tide—at any rate, the pos- 
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sibility of this ought to be reckoned with in suggesting 
any proposals for transplanting mussels from seaward 
of the pier to the channel at Penhelyg. As far as the 
observations made up to the present time go, such a 
proposal cannot be safely recommended, for the site 
suggested is distinctly within the influence of the sewage 
discharge. Transplanting, in my opinion, ought to be 
accompanied by some measures of purification before one 
can say that it is an operation free from danger to the 
public health. 

The water analyses made on the occasion of this 
inspection gave encouraging results. It is true that 
sewage microbes were present in one cubic centimetre of 
the water sampled, but they were just present, and the 
degree of contamination was not a high one. The 
samples were taken towards the end of the ebb stream, 
when the tide had still about an hour to ebb. Probably, 
samples taken at about the time of high water would be 
more distinctly free from pollution. The rationale of 
constructing mussel purification tanks here would be so 
to make the tank that it would contain the maximum 
quantity of mussels taken from the estuary during a 
period of four days during the busiest time of the fishery. 
The tank should also be so placed that it could be filled 
with water taken from the estuary at high water of the 
lowest neap tides, allowing for the reduction of level in 
the height of these tides that may be due to abnormal 
conditions of wind; that is to say, it should be 
_ ascertained whether a prolonged spell of easterly winds 
in the estuary causes the tide to rise less high than the 
height shown on the tide tables, and this should be 
considered in determining a place for the tank. I do 
not think that there is any suitable place to the west of 

the pier where a tank could easily be built, and to the 


452 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


east of the pier the shore is rather rocky and rises steeply. 
This, however, is a matter for an engineer’s opinion, and, 
obviously, the main question to be considered is that of 
cost. Would it be worth while to construct expensive 
works considering the restricted mussel fishery in the 
estuary? This is not all, however; even at Penhelyg 
Point the sewer outfall is only one half-mile away, and 
it is possible that, with a possibly unregulated (or 
imperfectly regulated) discharge of sewage, some of the 
latter might reach the tanks. This is a danger which 
could, perhaps, be anticipated and guarded against by a 
thorough survey of the estuary with regard to the 
direction of flow of water at all states of the tide, and in 
all conditions of weather. | 7 


3) The Mussel Beds at Barmouth. (Plate III.) 


The estuary of the Mawddach river, like that of the 
Dovey, is a very considerable expanse of water near the 
height of the tide. It varies in width from about half» 
a mile to more than a mile. But at low water the 
channel contracts to a strip of about two or three hundred 
feet in width, and the greatest depth in it is only about 
5 fathoms at low water of spring tides, while here and 
there the depth is very much less. The depth on the bar 
1s only about + to 4 fathom, so that very much the 
same conditions that we have noted in the case of Port 
Madoc estuary may also exist here: during low neap 
tides the flushing out of the estuary from the sea may 
not be complete. Yet it is the case here (but not at 
Port Madoc) that the mouth of the estuary is a ‘ bottle- 
neck’; for there is a very considerable basin east from 
Barmouth which is filled at every tide, and the flow 
through the bottle-neck may be more effective in ees 
the channel than one, at first, might expect, 
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Barmouth has a population which varies from about 
2;900 in winter to 5,000 in summer. It is served by two 
main sewers, one (No. 1) which has its outfall about one 
mile north from the harbour, and another (No. 2) which 
has its outfall in the channel close to the harbour. 
There are also some houses east from the railway bridge 
which appear to be too low to drain into the sewer 
discharging by No. 2 outfall, and these are separately 
drained directly into the estuary. The main outfall 
(No. 1) consists of three pipes, but two of these appear 
to discharge surface or storm water only. The outfall 
from the chief pipe is well below low water of spring 
tides. The sewage itself probably is carried well out to 
sea, but there are indications of the backwash of some 
organic matter in the abundant growth of green alge on 
the stones of the beach near the outfall. This sewer 
serves about half of the population. 

The other sewer (No. 2) discharges into the harbour. 
Its end is marked by a buoy which is placed about 400- 
500 feet to the east of Trwyn-y-Gwaith. The outfall is 
always covered at low water of spring tides. Round 
the outfall the water of the harbour is very noticeably 
discoloured by the discharge, and there is a strong smell 
of sewage. This sewer serves about one-half of the 
population. 

Both sewers discharge an untreated effluent. 

Mussels are found on the bottom of the channel near 
the harbour, round the end of the breakwater called 
Trwyn-y-Gwaith, and in close proximity to the sewer 
outfall. I was informed that these mussels had been 
sent to the public markets. There are mussels on the 
shore near Barmouth Bridge, and on the piers of the 
bridge itself. There are also mussels on the bed of the 


channel on the northern side, and from the bridge to 
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above Aberamfrach Harbour, and on the southern side of 
the channel opposite the latter place. There are also 
mussels in the channel seaward from Trwyn-y-Gwaith. 
I did not see these latter shellfish: they are said to be 
small and badly-nourished. 

Samples were taken from near the quay at the 
western side of Aberamfrach Harbour, and from the 
channel close to the beacon on the end of the breakwater 
at Trwyn-y-Gwaith. These mussels were raked from the. 
sea-bottom. Samples of water were taken from the 
surface of the channel at Aberamfrach, at the bridge, 
lower down, and at Trwyn-y-Gwaith. 

It is improbable that the mussels in the harbour or 
higher up can be affected by the sewage from No. 1 
outfall. This is a considerable distance away and there 
are extensive sandbanks, rising to a height of 9 feet above 
low water of spring tides, between it and the harbour. 
The ebb tide flowing from off these sandbanks and out 
from the estuary would prevent the sewage from entering 
the channel at any state of ebb tide, while on the first 
of the flood it would tend to drift to the north. If the 
sewage from all parts of Barmouth could be diverted into 
this sewer there would be little likelihood of the con- 
tamination of the mussels in the channel. But this 
would be impossible, I believe, without pumping. 

As it is, the mussels in the harbour are exposed to 
immediate and gross pollution from the outfall sewer 
No. 2. The bacteriological contamination here—about 
6,000 intestinal organisms per mussel—is practically the 
same as in the worst part of the estuary of the Lune at 
Lancaster; but the pollution is really more serious at 
Barmouth, for the mussels are very much nearer to the 
source of pollution. It is too serious, I think, to allow 
of these mussels being used as human food, The mussels 
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at Aberamfrach, that is, at a distance of about half a mile 
from the outfall, did not exhibit such marked pollution 
on the occasion of this sampling; still, the pollution was 
far too serious to be neglected. It is probable that, in 
certain conditions of wind and tide, the difference 
between these two places, as regards pollution, may not 
be appreciable. The estuary is narrow and not deep, and 
the flood stream flows directly from the sewer outfall 
towards Aberamfrach. It would be wrong, I think, to 
regard the mussels above the railway bridge as being, on 
the whole, less seriously polluted than those in the 
harbour. Dr. Bulstrode, in his last report, suggested 
the relaying of mussels taken seaward of the bridge in 
some part of the channel landward of the bridge, but 
I doubt very greatly whether this would, on the whole, 
be a safeguard. Certainly, transplanting of the smaller 
mussels found in the seaward part of the estuary to the 
upper part would lead to increased growth of the shell- 
fish, but these upper parts of the estuary are far from 
being unpolluted. 

Transplanting in the Barmouth estuary would, in 
order that the public health might not be affected, have 
to be accompanied by some measures for the purification 
_ of the shellfish, that is, if it should be found impossible 
to divert all the sewage into the northern outfall. This 
I have no doubt would be possible, and the only question 
to be considered is whether the mussel industry in the 
estuary is capable of such further development as to 
justify asking the local authority to face this expense. 
In the season, November, 1906, to February, 1907, the 
total value of the mussels despatched from Barmouth was 
£148. No doubt this value could be increased con- 
siderably by well-planned transplantation, but even then 
the cost of the sewerage scheme and the increased revenue 
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to a very restricted section of the population of Barmouth 
would have to be carefully balanced before ene could 
venture to express an opinion as to the desirability of 
this change. I do not know whether it is possible to 
hold back the sewage now discharging from No. 3 
outfall, by means, preferably, of septic tanks and filter 
beds, and then to turn out an effluent at some particular 
state of the ebb tide, so as to avoid the fouling of the 
upper part of the channel on the one hand, and the 
bathing grounds on the other. This, also, is largely a 
question of the same nature as that indicated above. 
The success of this procedure would also imply the con- 
scientious working of the regulations with regard to the 
liberation of the sewage. : 
There remains, now, the question of the practic- 
ability of constructing a pond or tank near high water of 
neap tides, and at some convenient part of the estuary. 
This 1s a question which, naturally, would have to be 
submitted to an engineer before the Committee could 
satisfy themselves that the suggestion is likely to be 
successful. It is a matter of expense largely, but the 
purity of the water which would be used to fill the tank, 
and also the convenience of the fishermen, would also 
have to be considered. At first sight, the little island 
opposite Barmouth, Yuys-y-Brawd, seems to be suitable, 
but this island consists largely of sand, which is 
evidently shifted by being blown by the wind. There 
are breakwaters at either end of it, so that a considerable 
amount of sea must sometimes be experienced on its 
windward side. Whether or not it would be possible to 
make a tank on the landward side, I do not know. It 
does not seem likely that a tank could easily be made 
anywhere seaward from the harbour, and although the 
shore opposite Barmouth, Penrhyn Point, might have 
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places that would be suitable, there would be the 
formidable difficulty of conveying the mussels across the 
estuary during rough weather in the winter months. On 
the whole, Aberamfrach Harbour seems to be the most 
suitable place, judging from a preliminary survey of the 
estuary, which is, of course, all that I have been able 
to undertake. This place has a muddy bottom, but it 
might be possible to build concrete walls somewhere in 
its vicinity, so as to make a tank which would only be 
filled at high water. I do not know what the approxi- 
mate cost of this would be; and, of course, the suggestion 
of any site approved by an engineer would necessarily 
mean an investigation by means of drift bottles, &c., as 
well as salinity observations and bacteriological estima- 
tions of the impurity of the water at all states of the tide 
and various conditions of weather, before a definite 
working scheme could be recommended. 


(4) The Ribble Mussel Beds. (Plate IV.) 

In consequence of some recent complaints, Dr. 
Jenkins and I visited Lytham and inspected the mussel 
bed in the Ribble Channel near there. Although I 
visited the cockle beds both on the north and south sides 
of the Ribble estuary in 1907, and the mussel bed at 
St. Anne’s in the previous year, this is the first occasion 
on which the shellfish in the Ribble channel itself have 
been examined. 

Plate IV. is copied from the latest and most com- 
plete chart of the Ribble estuary, that made in 1904 as 
the result of a survey carried out by Messrs. Barron and 
Hamer. It shows the channel from Preston to near the 
sea. The main channel is very narrow and shallow, and 
it is being ‘“‘ trained’”’ by rubble walls, in the hope that 
it may break through to the sea and maintain, via the 
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‘“New Gut Channel,’’ instead of through Pinfold 
Channel, the former entrance to the Ribble. It will be 
seen that there is a most extensive tract of sandbanks 
through which relatively narrow, shifting and shallow 
channels make their way. These channels receive the 
sewage from a very large population: Preston, about 
120,000 people; the Southport and Birkdale districts, 
about 55,000; Lytham, about 10,000; Fairhaven and 
Ansdell, about 4,000; and St. Anne’s-on-the-Sea, about 
7,000. The Preston sewage is treated by coarse. 
screening, sedimentation and irrigation over about 500 
acres of land on a sewage farm, and it is not liberated on 
the ebb until the level of water in the channel has sunk 
below the level of the training walls, while its liberation 
on the flood involves an enormous dilution by the 
inflowing sea water. The outfall is about 6 miles distant 
from the nearest cockle beds, and the estuary here is 
about 6 miles in width, and it is about 4 miles distant 
from the nearest mussel bed. The Southport sewage is 
treated by septic tanks and continuous bacterial filters. 
The Birkdale sewage is treated by sedimentation, filtra- 
tion and irrigation. Both Southport and Birkdale 
sewage discharge into a brook at Crossens, which con- 
tinues as a gutter across the sands towards Pinfold 
Channel. The sewage from Lytham, Ansdell, Fairhaven 
and St. Anne’s is discharged into the channel in the 
crude condition. 

The shellfish beds in the Ribble estuary are see 
on the lower parts of the sandbanks—Horse Bank, which 
is to the south of the channel, and Salter’s Bank, which 
is mainly to the north. Mussels are not important, and 
the only beds at present are those at St. Anne’s, on the 
foreshore sloping down to. what used to be the North 
Channel; one or two small banks on the foreshore and in 
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the channel near Lytham; and a bed in the Ribble 
channel close to the training wall and nearly opposite 
Ansdell. The cockle beds are very numerous and 
important. They occur over a great part of the lower 
part of Horse Bank sloping down Pinfold channel, 
on the ‘* Brow,” that is. They also occur over a great 
part of Salter’s Bank, mainly to the east of the New Gut 
Channel. These cockle beds vary greatly in their precise 
position from year to year. Spat falls and new beds of 
small cockles are formed, and are fished when the shell- 
fish attain legal size. Also old beds become sanded up 
by the shifting of the banks and channels, or by heavy 
seas. 

The pollution of the shellfish is not so great as might 
be expected, considering the enormous volume of sewage 
which enters the estuary. This is partly due to the 
enormous dilution which the sewage undergoes, and 
partly to the fact that the greater part of this—the 
Preston, Southport and Birkdale sewage—is treated 
before entering the sea. ‘‘ Our general impression,” say 
the Royal Commissioners on Sewage Disposal, ‘“‘of the 
whole Ribble estuary was very favourable. In spite of 
the extensive and populous district draining into it, and 
the varied industries contributing their trade effluents, no 
marked indications are to be found, even a few miles 
below Preston, while at Lytham all signs have dis- 
appeared.”’ (Report V., Appdwx. VI. [cd. 4284]. 1908.) 
We see here, as also in the case of the mussel beds at 
Morecambe, the conditions that obtain when even an 
enormous volume of sewage enters a wide estuary, almost 
an open sea area, in contrast with the conditions that 
are exhibited when a very much smaller volume of sewage 
enters a narrow estuary, as in the case of Barmouth, 
Aberdovey and Conway, in Wales, and the Lune, in 
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Lancashire. The pollution of the cockles on Horse 
Bank must be a remote one, that is, the distance between 
the shellfish beds and the place of origin of the sewage 
is considerable; the sewage passes a certain time in tanks, 
filter beds, and in land under sewage irrigation, and the 
contained intestinal bacteria are subjected to conditions 
which are very different from those which they experience 
in their normal habitat in the human intestine. All this 
means that its nature becomes different from what it 
originally was. Therefore, although the bacteriological 
impurity, revealed by the preliminary analyses made in 
connection with this investigation, is equally gross in the 
case of the Ribble channel and the Aberdovey mussels, 
yet the pollution at Aberdovey is far more dangerous; 
since only a short distance separates the shellfish from 
the drains contributing the sewage, and only a few 
hours may elapse between the voiding of human Bacillus 
colt and its ingestion by the mussel. 

The conditions all over the Ribble estuary are, of 


course, not uniform in this respect. The cockles on — 


Horse Bank, even only a mile or so from the end of 
Southport Pier, may be regarded as free from significant 
pollution. No sewers open into the sea near the South- 
port shore, except some pipes conveying surface water. 
The effluent from Southport and Birkdale flows down 
Crossens Pool and Channel, and high banks separate this 
for a considerable distance from the cockle beds. Unless, 
as Dr. Bulstrode points out, cockles gathered here are 
washed in Crossens channel they are hardly likely to be 
polluted. In 1907 I made an analysis of cockles taken 
from a place about a mile east from Southport Pier. 
The mean number of sewage bacteria estimated as being 
present per shellfish was 12, a result which is practically 


the same as that obtained in the case of cockles taken - 
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from Morecambe Bay, out from Flookburgh—a place 
that we can hardly imagine is polluted by sewage. 
These Southport cockles may, then, be regarded as pure. 
But the case was very different with cockles taken from 
the sands near Ansdell. Here the bacterial contents 
were about 2,000 sewage bacteria per cockle. These 
results, moreover, correspond with the reputation of the 
shellfish: no epidemiological evidence is forthcoming 
with regard to the Southport cockles, whereas those 
gathered near Ansdell and St. Anne’s have been regarded 
with strong suspicion as carriers of disease. 

This bacteriological impurity is to be associated with 
the direction taken by the flow of the diluted sewage. 
Not only does the contaminated ebb-tide water from the 
upper part of the Ribble channel flow near to the cockle 
beds between the old North Channel and the New Gut 
Channel, but the influence of the sewer outfalls at 
St. Anne’s and Ansdell is apparent here. This recently- 
discharged sewage is far more serious than that coming 
down from Preston, or perhaps across from Southport. 
It is, indeed, unlikely that much of the sewage from the 
two last sources can reach the cockle beds on Salter’s 
Bank, for the ebb-stream sets out to sea through the main 
channels, Pinfold, Old Gut and New Gut. On the other 
hand, the fairly strong flood and ebb streams set parallel 
to the land along the depression—that of the old North 
Channel—which exists close inshore from St. Anne’s 
down to Fairhaven, and both streams must pick up the 
sewage from St. Anne’s and Ansdell and distribute it 
along the edges of the banks. The contamination of 
these cockles may therefore be not very remote, and of 
course the degree of contamination in the close inshore 
beds may be fairly considerable. 

The mussel beds are also exposed to very different 
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conditions. Those in the Ribble channel near the 
training wall are exposed to pollution by sewage coming 
down from Preston and Lytham. It seems hardly lkely 
that the influence of the Preston sewage is appreciable— 
the distance, in space and time, between original dis- 
charge and ingestion by the shellfish is too great—but 
the part of the pollution which is of significance is 
probably that due to the Lytham sewers. But even this 
is about 2 miles distant from the bed sampled. The 
results of the analysis of these mussels were certainly 
bad, bacteriologically; they were practically the same 
as those of the Aberdovey mussels, but I should hesitate 
at assessing these results at their face value, for the 
reasons indicated above. ‘* Both these Lytham beds,” — 
says Dr. Bulstrode, “‘are not, therefore, free from risks 
of pollution by sewage.’’? But, on the other hand, 
epidemiological evidence of their role in transmitting 
disease is lacking. 

The case of the St. Anne’s bed is entirely different. 
Here we have mussels which are, some of them, 
‘literally bathed in sewage.”’ ‘The bed is one of a 
class to which also belong those at Aberdovey and 
Barmouth, that is, they are in close proximity to sewer 
outfalls which discharge straight from town drains, 
without the intermediation of tanks or screening, or 
treatment of any kind. One has no hesitation in saying, 
apart from bacteriological results, that they ought to be 
condemned, or made the objects of some remedial treat- 
ment. ‘‘It must still be regarded as dangerous,’’ says 
Dr. Bulstrode, speaking of the Aberdovey bed, ‘“‘to 
dredge for mussels in the vicinity of an outfall’’; and 
with regard to the Barmouth bed: “It is clear that 
there is great danger from the consumption of mussels 
dredged up from the vicinity of the estuary outfall” ; 
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and with regard to the St. Anne’s bed: ‘“‘ Needless to 
say, the St. Anne’s mussels should not be eaten at any 
period of the year, and numerous cases of enteric fever 
have been ascribed to these molluscs at Blackpool and 
elsewhere.”’ 


(5) The Roosebeck Mussel Scar. 


This mussel bed was examined by both Mr. Scott 
and myself some years ago, and I reported on some 
bacteriological analyses of these mussels to the Scientific 
Sub-Committee at the meeting in February, 1913. A 
further analysis of the Roosebeck mussels, by precisely 
the same methods as in the cases of the Welsh estuarine 
areas, 1s, however, given here for purposes of comparison. 
This is an uncontaminated mussel bed, and _ the 
bacteriological results are in strict accordance with what 
an inspection shows. The mean number of organisms 
contained in 1 mussel was 6, which may be regarded as 
quite a negligible quantity. Thus we have the 
comparison : — 


Roosebeck mussels: mean number of sewage bacteria 
per mussel = 6. 
Aberdovey mussels: mean number of sewage bacteria 


per mussel = 20,250. 


(6) Preliminary Bacteriological Analyses. 


The following tables give the results of counts of 


BD, 


colonies of “‘sewage bacteria’’ obtained in the analyses 
referred to above. The colonies are such as may be 
presumed to have had origin in domestic sewage. In all 
the mussel analyses a number of these colonies have been 
isolated and cultivated in a number of test-media with 


a view to their more precise identification. This work 
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is not yet complete, and I hope to supplement it with 


analyses from some other sources. 


later on. 


Port Madoc Mussels. 


From 
upper part of 
harbour in 
run of sewage. 
No fresh 


water in river. 


From 


Gareg 
Goch. | 


99 


Plate 1, No. of red colonies, 


29 


99 


44 April, 1943. 


Mean No. per mussel = 2,600. 


Plate 1, No. of red colonies, 24; No. of white colonies, 
2 
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6; No. of white colonies, 
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Mean No. per mussel = 370. 


Port Madoc Mussels. 21 April, 1913. 


Upper part of Plate 1, No. of red colonies, 16 ;. No. of white colonies, 30 
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Oorooco 
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harbour in 39 2 ” 2° 2” 2° 4 
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Mean No. per mussel = 760. 


Plate 1, No. of red colonies, 46; No. of white colonies, 0 


Port Madoc Mussels. 


From 


Gareg Goch. 


rocks at 


* These plates contained 1/25th instead of 1/50th mussel, as in the others 


analysed. 


b] 39 29 99 
3 99 99 t4 99 
4 2? 29 43 329 
5 29 3? 37 29 


Mean No. per mussel = 1,990. 


7 May, 1913. 


=e is 50 of the plates. 
3 rr ” 53 
4 99 3? 20 
5 2 o 4] 


Mean No. per mussel = 1,100. 


or, Rk © 


Plate 1*, No. of red colonies, 56; no white colonies on any 
2 
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Aberdovey Mussels. 21 June, 1913. 


From near (Plate 1, No. of red colonies, 433 ; No. of white colonies, 20 


Henhelys | ,, 2 _ 342 ; very numerous. 
Point. ie other plates with colonies equally numerous but not 
countable owing to fusions. 


Mean No. per mussel = 19,375. 


From ( Plate 1, No. of red colonies, 411 ; No. of white colonies, 22 

channel ee ee 400 cs os 61 

near Pier. | 3 other plates with colonies equally numerous but not 
countable owing to fusions. 


Mean No. per mussel = 20,250. 
Water in Aberdovey Estuary. 21 June, 1913. 


From channel at Penhelyg Point; 1 c.c. contained, on the average, 5 sewage 
bacteria. 


From the channel close to the Pier ; 1 c.c. contained, on the average, 1 sewage 
organism. 


Barmouth Mussels. 19 July, 1913. 
From ( Plate 1, No. of red colonies, 27; No. of white colonies, 0 
0 


channel at | 22 2 22 +) 18 EP) ” 
Aberam- 5 2”? 3 2? 33) 75 29 9 50 
frach | 2”? 4 ”? ”? 22 ” 9 20 
Harbour. Sn ae) Pe ah ete 8) a numerous 


Mean No. per mussel = 2,920. 
From Plate 1, No. of red colonies, 150; No. of white colonies, 10 


channel at wei 2 3 ae Lon fet »  tused. 
Trwyn-y- a ” 3 > ” 150 ” ” 0 
Gwaith. Se oe ee LOO My 53 USER. 
o> 5 99 >) 70 29 b) 0 


Mean No. per mussel = 6,200. 


Water Samples, Barmouth Estuary. 19 July, 1913. 


1. From near rocks at Aberamfrach, 1 organism per c.c. 
2. From near Railway Bridge, 1 organism per c.c. 


3. From half-way between Railway Bridge and Trwyn-y-Gwaith, 
1 organism per c.c. 
4. From near Trwyn-y-Gwaith, 3 organisms per c.c, 


Preston Channel Mussels. 29 Sept., 1913. 


oe near , Plate r No. of red colonies, 550; No. of white colonies, 30 
. 2 Perch vie : g c 310 ee Be 50 
Beoiwsete { af : Bhs - 450 7 a 45 
Ansdell. eo 4 - ip 400 Hs 7 60 
5 i % 400 x 60 


a No. of sewarge bacteria = 21,000, 
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Water Sample from same place. 


Mean No. of sewage bacteria = 485 per c.c. 


Roosebeck Mussels 238 Oct., 1913. 


Plate 1, No. of red colonies, 0; No. of white colonies, 0 This is in 
9° » » 0 > = 0 1/50th 
” 3 ry) ” 0 9 a 0 mussel. 
39 1 9? 99 1 9° 99 0 \ 

” 2 ” 29 0 39 39 0 This is in 
3 8 9 oe 0 95 a 0 1/25th 
age = - 0 3 ve 0 mussel. 
9 5) 29 oe 0 ? ” 0 

| Bs BS 2 hy Rs 0 This is in 
” 2 ” 3° 1 3° ” 0 1/10th 
” 3 2 ” 0 0 mussel, 


In all these analyses typical colonies, isolated by the 
neutral-red agar medium employed, have been grown in 
pure subculture and examined in detail. Several interest- 
ing questions have arisen in connection with the biological 
characters of the organisms isolated, such as that of a 
possible change in the reactions of bacteria having their 
normal habitat in the intestine of a warm-blooded animal 
and then passing into the alimentary canal of a marine 
mollusc. Such a possible change of character is being 
investigated, and will form the subject of a further report, 
when the biology of the micro-organisms isolated in this 
investigation will also be discussed. 


EXPLANATION OF THE PLATES. 


Plate I. Port Madoc and neighbouring channels. 
,, Il. Estuary of the Dovey—Cardigan Bay. 
<5, dala Estuary of the Mawddach—Cardigan Bay. 
», LV. Rubble Estuary from the Sea to Preston. 


» VY. 1. Organisms present in 1/50th mussel from the 
Ribble Estuary. 2. Organisms present in 
1/50th mussel from the Dovey Estuary. 
3. Organisms present in 1 c.c. of water 
from the Ribble Estuary. 
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Prate II. 
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Puate III. 


Prater III. 


Priate LV; 


Uh 


Prare IV, 


PiuaTe V 


1. Sewage organisms present in 1/50th 
mussel from the Preston Channel 
near No. 2 Perch on the training 
wall. 


Sewage organisms present in 1/50th 
mussel from the Dovey estuary. 


Sewage organisms present in ice of 
water from the Preston Channel 
near No. 2 Perch on the training 


wall. 
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No. XXII. ECHINODERM LARVAE OF 
PORT ERIN. 


BY 


HERBERT C. CHADWICK, A.1.S., 
Curator of the Biological Station, Port Erin. 


The folle-ving notes and illustrative figures are the 
result of a careful study, extending over seven years, of 
the pelagic larvae of Echinodermata which occur in the 
plankton of Port Erin Bay. The work has been done 
under some disadvantage, inasmuch as I have not had 
sufficient leisure to enable me to study Jiving specimens 
as fully as I could wish. On the other hand, I have been 
able to make a large collection of well-preserved speci- 
mens; and, in addition to these, I have enjoyed the 
unrestricted use of an excellent collection made during 
successive visits to Port Erin by my friend, Mr. F. H. 
Gravely, M.Sc., of the Royal Indian Museum, Calcutta, 
and formerly of the University of Manchester. I gladly 
take this opportunity of thanking him for so generously 
placing his collection at my disposal. 

In addition to these two collections, I have frequently 
examined the official tow-nettings which have been taken 
twice weekly by the Staff of the Port Erin Biological 
Station throughout the whole period of my study of the 
Echinoderm larvae. 

ere 
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METHOops. 


All the larvae were captured by means of tow- 
nets, and the great majority of those collected by me 
were fixed and preserved in the boat immediately after 
capture; the fixative in nearly all cases being a saturated 
solution of corrosive sublimate, in which, however, the 
specimens were not allowed to remain longer than one 
minute. My usual practice is to invert the tow-net into 
a wide-mouthed bottle containing the fixative. The 
entire catch is then poured through an ordinary lamp 
chimney, over the smaller end of which a small piece of 
bolting silk is tightly stretched and held in position by 
means of a strong rubber band. When all the fixative 
has been strained off, the piece of silk is dropped into 
another wide-mouthed bottle containing 70 % spirit, and 
well shaken until all the organisms are free. The spirit 
is changed at least once on arrival in the laboratory. 
Gravely isolated many of his larvae, and narcotised them, 
especially the echinoplutei, with a 1 % solution of 
chloretone, and the results, especially in the later stages 
of the metamorphosis, are excellent. These results 
should, however, always be checked by fixing the contents 
_of at least one haul of the tow-net on every occasion, as 
maceration of the delicate tissues of the larvae begins 
with capture, and is liable to mislead the student. 


HIsToRICAL. 


The first records we have of the occurrence of 
Echinoderm larvae in the neighbourhood of Port Erin 
are those of Herdman (7), who, however, merely referred 
the larvae observed in the local plankton during the 
months of July and August, 1885, to their respective 
orders. More recently Herdman and Scott (8) have 
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recorded the occurrence of Echinoderm larvae in the 
plankton around the south end of the Isle of Man, and 
their relative number on one occasion is stated; but no 
attempt is made to name them nor to refer them to their 
respective orders, as the object of their investigation was 
to determine the statistics of groups rather than to 
identify the species. I venture, therefore, to hope that 
the present contribution to an exact knowledge of these 
interesting larvae as they occur in the above-named area 
may be found useful by future workers in the same field. 
It may be of interest, to give some idea of the number 
of Kchinoderm larvae which may occur at times, to quote 
the following sentences from the Twenty-second Annual 
Report of the Lancashire Sea-Fisheries Laboratory (8), 
p. 292 :—‘* Echinoderm larvae were unusually abundant 
in 1913. Absent in January, they appeared suddenly in 
our nets on February 6th, to the number of 3,040, and 
attained their maximum of 51,200 as early as February 
13th. Other large hauls were 24,080 (February 20th), 
17,000 (February 27th), 24,360 (March 10th), and 
27,150 (March 13th). The numbers dropped to zero by 
the middle of April, but Echinoderm larvae were present 
occasionally from this time on to the end of October, and 
on July 17th there was a large haul of 30,000. Twice in 
September the numbers reached the thousands (7,400 on 
the llth, and 4,000 on the 18th).’’ These figures repre- 
sent the number present in the official hauls across Port 
Erin Bay. The large numbers stated as having occurred 
in February and March refer to the as yet unidentified 
spatangoid pluteus shown in figs. 61-64, Pl. IX, and the 
ophiopluteus shown in fig. 37, Pl. VI. The former was 
much the more numerous. A few bipinnariae of Asterias 
rubens may be included; but, compared with the 
spatangoid pluteus, the number was insignificant. 
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Thirty-five species of Echinodermata have been 
recorded from the conventional area of the Irish Sea 
known as the L.M.B.C. District, and all are found in the 
immediate neighbourhood of the Isle of Man. The larvae 
of three species, viz., Henricia sanguinolenta, Asterina ‘ 
gibbosa and Amphiura elegans are non-pelagic, while 
that of a fourth, Antedon bifida, is pelagic for only a 
brief period. In the present paper only the pelagic forms 
come under notice; and of these, twelve can with 
certainty be referred to their respective species. 

The occurrence of Echinoderm larvae in nearly all 
the months of the year has been observed; but, so far as 
my own experience goes, the largest number of 
individuals appear in the latter half of February, July, 
early August, and the greater part of September. These 
records refer particularly to the years 1907 and 1908, 
when a large proportion of the specimens upon which 
this memoir is based were collected. Most of the same 
species were observed in the years 1909 and 1910, but in 
remarkably diminished numbers. The records of Scott 
(14) show that in the year 1906 Echinoderm larvae were 
present in the plankton of Port Erin Bay in March and 
September, but these records are probably incomplete. 
In September, 1911, 1912, and 1918, several species 
observed in July in previous years appeared in 
diminished numbers. In March and April, 1914, one 
spatangoid pluteus was abundant, while one ophiopluteus 
and two Asterid larvae were not uncommon at the end 


of March and in April. 


LARVAE OF ASTEROIDEA. 


Considering the fact that twelve species of Asteroidea 
are found in the immediate neighbourhood of Port Erin, 
and that the larvae of at least eight of them are known 
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to be pelagic, the small number of species of these larvae, 
four or five at most, which have come under my notice 
is somewhat disappointing. On the other hand, no 
Kehinoderm larva with which I am acquainted has 
appeared in such large numbers as that of Asterias rubens 
(Pl. I, figs. 1-9), which I have been able to identify 
satisfactorily by comparing those taken in the plankton 
with others reared from eges fertilised naturally in one 
of the tanks of the Port Erin Aquarium. On several 
occasions I have seen a few examples of the blastula 
(fig. 1) and early gastrula (fig. 2) stages as early in the 
year as the end of January; but during the years 1907 to 
1912 inclusive, the species appeared in great force about 
the middle of February, when every stage, from the 
eastrulating blastula to the early bipinnaria (figs. 2-9) 
was obtainable in the plankton, and furnished abundant 
material for a study of the earlier stages of development. 
In February, 1913, careful search through a number of 
tow-nettings failed to reveal a single specimen of this 
larva, but it re-appeared at the same time in 1914. I 
have met with the stages represented in figs. 8 and 9 in 
large numbers in the early part of March; but later than 
this they have disappeared from view; and I have not 
been able to trace the later bipinnaria and brachiolaria 
stages. The course of development of the early stages is 
in complete accord with that of the larva of. Asterias 
vulgaris as described by Field (1). Fig. 4 represents, 
from the ventral surface, an early bipinnaria stage, in 
which the coelomic vesicles are seen budding to right and 
left from the blind end of the archenteron. The latter 
is bending ventrally, as shown in the slightly diagram- 
matic optical section (fig. 5), to meet the stomodaeal 
invagination (std.). The blastopore (6l.) is moving 
forward towards the ventral surface of the larva. 


472 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


Fig. 7 represents from the left side a slightly later stage 
in which the stomodaeal invagination has met and opened 
into the hitherto blind end of the archenteron. The three 
divisions of the gut—oesophagus (oes.), stomach (st.), 
and intestine (int.) are now well defined. Communication 
between the left coelomic vesicle and the exterior is 
established by a tubular outgrowth—the pore-canal (p.c.) 
—from the vesicle, which meets and fuses with an 
invagination from the dorsal wall of the larva. The 
invagination becomes perforate, and forms the madreporic 
pore (m.p.). The same organs are seen in fig. 6, which is 
a ventral view of a slightly older larva. Here the pre- 
oral and post-oral portions of the ciliated band (c.0.) also 
are clearly defined. In fig. 8, a still later stage, the whole 
of the ciliated band is defined, and the pre-oral lobe 
(pr.o.l.) has assumed its characteristic shape. The 
stomach is now large and subglobular. Both coelomic 


vesicles, the left (/.c.) much the larger, are beginning to 


grow forward in the direction of the pre-oral lobe. In 
fig. 9, the latest stage of this larva which I have been 
able to ‘trace with certainty, this forward growth has 
proceeded much further, and the posterior portions of the 
vesicles have begun to envelop the stomach. The walls 
of the vesicles are now much thinner, and, except in 
the living larva, are traced with difficulty. Field (1) 
discusses at some length the occurrence of a right hydro- 
coel in some of the larvae of Asterias vulgaris studied by 
him. Gemmill (4) has recently shown that this 
interesting feature occasionally occurs in the larvae of 
Astervas rubens and A. glacialis, and (5) in that of 
Porania pulvillus. I have not observed it in the larva 
just noticed. 


In a recently published paper “on the Develop- 


ment of some British Hchinoderms,’’ Mortensen (138), 
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figures the four-weeks-old bipinnaria stage of the larva 
of Asterias glacialis, which he had reared from artificially 
fertilised eggs in the Plymouth Laboratory. This figure 
enables me to identify the bipinnaria represented in 
fig. 10, Pl. I, which was captured in a tow-netting in 
Port Erin Bay in April, 1911, and is, I doubt not, the 
larva of Asterias glacialis. A number of specimens of 
this larva were found in every haul of the tow-net taken 
at the end of March, and it was still fairly common at 
at the time of going to press (April 20th, 1914). Its 
occurrence in previous years was rare. The only 
essential difference between the specimen figured by 
Mortensen and that from Port Erin lies in the disposition 
of the ciliated band, which may be accounted for by 
assuming a slight difference in age. In both larvae the 
right and left coelomic vesicles had grown forward and 
‘united in the pre-oral lobe. Mortensen does not figure 
any communication of the left vesicle with the exterior 
through a pore-canal and water-pore, and I also was 
unable to find any trace of these structures in the Port 
Erin specimen. 

I am again indebted to Mortensen’s paper for help in 
identifying the larva represented from the left side in 
fig. 11, and from the ventral face in fig. 12, Pl. II. It 
occurred in very small numbers in the plankton in June 
and July, from 1905 to 1909 inclusive, but like some 
other Echinoderm larvae has not come under observation 
during the past four years. It is the larva of Lwidia 
ciliarts. Mortensen reared this larva also from artificially 
fertilised eggs. The specimens from which my figures 
were drawn were older than the five-weeks-old one figured 
by Mortensen, inasmuch as in the former the arm-like 
processes characteristic of the brachiolaria have attained 
some length, while in the latter they have scarcely begun 
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to develop. Lwidia ciliaris is not a common species in 


the neighbourhood of Port Erin; and, so far as my 


knowledge of iis distribution goes, is confined to the 
deeper waters. So far as the experience of Gravely and 
myself goes, the occurrence in the plankton of Port Erin 
Bay of brachiolariae undergoing metamorphosis is rare. 
Gravely’s collection contains three, evidently of one 
species, taken in August (fig. 13, Pl. II), and my own 
collection but one, taken in June. Mortensen informs 
me that on certain parts of the coast of Denmark meta- 
morphosing brachiolariae of Asterzas rubens may be seen 
swimming at, or near, the surface of the sea in large 
numbers during July; and one of the American species 
is represented by similar numbers in the waters of Wood’s 
Hole. Their rarity in Port Erin Bay and its neighbour- 
hood cannot, therefore, be explained by the assumption 
that when passing through their later stages these larvae 
seek the deeper waters. 

Figs. 14 to 18, Pl. II, represent stages in the 


development of the larva of Solaster, but whether of 


S. papposus or of S. endeca I cannot say with certainty at 
present. Both species occur in the immediate neighbour- 
hood of Port Hrin, but S. papposus is probably the more 
abundant. Comparison of my figures with those of 
Gemumill (3) will show that there is close agreement, at 


least in external form, between the larvae from the plank- 3 


ton of Port Erin and those of S. endeca reared in the 
Biological Station at Millport. It is probable, however, 
that both species are represented. The larva shown in 
fig. 19 is very similar to that of which the external form 
only is shown in fig. 18, Plate II, of Gemmill’s paper. It 
is probably not of the same species as that shown in 
figs. 15 to 18, but the few details of its structure which I 
have drawn show that the two are closely related. My 
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first acquaintance with this interesting larva was made 
so long ago as May, 1892, when, in a tow-netting, I took 
a specimen which had reached the stage of development 
represented in fig. 17. At that time I felt confident that 
the five-rayed structure which came into view when the 
specimen had been mounted in balsam was a hydrocoel, 
and that the organism would prove to be the larva of an 
Asterid. I was led to refer it to Solaster by seeing an 
adult specimen of S. papposus extrude a number of com- 
paratively large, orange-coloured eggs in the Aquarium 
of the Port Erin Biological Station. Its identity has now 
been established beyond doubt by Gemmill. The larva of 
Solaster occurs in the plankton of Port Erin Bay in small 
numbers in April and May. Its bright orange colour, 
contrasted with the dull green of the vernal phyto- 
plankton with which it is usually associated, makes it a 
conspicuous object in plankton gatherings. In the paper 
cited above, Gemmill states that many of the larvae of 
Solaster endeca which he collected by means of the tow- 
net in the neighbourhood of Millport, “showed minor 
abnormalities of growth,’’ and from this circumstance he 
infers that it is “ chiefly unhealthy larvae which come to 
the surface of the sea. They are soft and readily break 
up against the cloth of a tow-net.’’ My own experience 
accords with this; but I have obtained from plankton 
gatherings in successive years a number of these larvae 
in various progressive stages, from the segmenting egg 
to that in which metamorphosis is nearly complete 
(fig. 18). It is noteworthy that even at this late stage 
of development, of which I have seen only one example, 
the larva is still five-rayed. Gemmill gives an account 
of the mode in which it attains the many-rayed condition 
of the adult. Owing to the opacity of the orange pig- 
ment, it is not possible to make out the position and 
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relations of the coelomic and other internal structures in 
the living larva. All the specimens from which figs. 14 to 
19 were drawn were lightly stained in borax carmine, and 
mounted without pressure in balsam. 


LARVAE OF OPHIUROIDEA. 


Seven species of Ophiuroidea have been found in the 
neighbourhood of Port Erin, and Gravely and I have 
distinguished eight ophioplutei, which occur more or less 
abundantly in the plankton of the bay. Tke larva of one 
species, Amphiura elegans, is, however, not pelagic; so 
that it is probable that two of the ophioplutei represent 
species which either have not yet been discovered in the 
district or occur in the deeper waters outside its limits. 

The species to which I would first draw attention is 
one to which Mortensen (12) has given the temporary 


name ‘ 


‘mancus.’’ It occurred in considerable numbers, 
along with the species to be next described, in July, 1907, 
and 1908, respectively, and is easily recognised; the 
postero-lateral arms being gracefully curved, and the 
skeletal rods which support them bearing slightly curved 
spine-like projections at tolerably regular intervals along 
their inner sides, as shown in fig. 20, Pl. III. The 
tips of these arms, as well as the posterior end of the 
body, are tinged with orange or red pigment. Gravely 
and. I found this species a favourable one for the study 
of the main features of the development of the coelomic 
vesicles, especially the hydrocoel, and of the primary 
elements of the skeleton of the adult. It is practically 
free from the dark pigment which so much obscures 
structural detail in the pluteus of Ophothri« fragilis. 
Fig. 22 is a ventral view of a young pluteus in which the | 
right and left coelomic vesicles have just divided into 
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anterior (r.a.c. and l.a.c.) and posterior (r.p.c. and l.p.c.) 
portions, and are taking up their characteristic positions, 
the two anterior ones alongside the oesophagus and the 
two posterior alongside the stomach, as shown in fig. 21, 
which also is a ventral view of a young pluteus. 

In fig. 23, the first indication of the formation of the 
five-lobed hydrocoel (Ay.) is seen. This organ, according 


to MacBride (11), is budded off from the left anterior 


coelom, but is not completely separated from it. The 
anterior portion of the original vesicle, as well as the 
tubular portion—the future stone-canal—connecting i 
with the hydrocoel, is but rarely discernible in whole pre- 
parations, and is not represented in the figures. The 
hydrocoel now enlarges considerably, and extends along 
the entire length of the oesophagus (fig. 24), while the 
right anterior and the two posterior vesicles remain prac- 
tically of the same size, and, up to this point, have under- 
gone no further development. The metamorphosis of 
the larva into the post-larval Ophiurid is now initiated ; 
and the hydrocoel, apparently losing, for the time being, 
its five-lobed form, proceeds to surround the larval 
oesophagus (figs. 25 and 28, Pl. IV). The further details 
of the metamorphosis cannot be satisfactorily studied 
without recourse to serial sections. A short account of 
the development of the primary elements of the skeleton 
of the adult, as illustrated by a considerable number of 
metamorphosing larvae, may, however, be here given. 

In fig. 26, Pl. IV, which shows a larva viewed from 
the ventral surface, there appear on the right side (left 
of the figure) five minute, tri-radiate calcareous plates 
(rl.), three of which lie upon the dorsal surface, and two 
upon the ventral surface of the larva. These eventually 
become the radial plates of the disc of the adult Ophiurid. 
On the left side (right of the figure) other five plates (¢/.) 
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appear, and represent the terminal plates which, at an 
early period, take up, and maintain throughout life, their 
respective positions at the tips of the five arms. Fig. 27 
represents a slightly more advanced stage. Here the 
radial plates have enlarged considerably; and a sixth 
plate, the central (cn.), has appeared in their midst. The 
five terminals have scarcely altered their respective posi- 
tions; and at a little distance anterior to them another 
very minute tri-radiate plate (ad.) has appeared, and is 
probably the madreporic plate. Further than growth of 
the several plates, little change is represented in fig. 28, 
though three of the terminals have become slightly more 
complex. In fig. 29, however, the future Ophiurid is seen 
to be taking shape. The central and the five radials have 
increased considerably in size and still lie to the right of 
the larva. The terminals are seen to be taking up their 
respective positions; and a few very minute plates, pro- 
bably adambulacrals, have appeared. In the specimen 
from which fig. 30 was drawn the plates of the 


apical system—central and radials—have taken up their 


permanent positions, with the terminals in exact correla- 


tion with the radials. In fig. 31, Pl. IV, the aboral - 


skeletal plates of the still pelagic post-larva are repre- 
sented. In the living post-larva of this age a pair of 
tube-feet in each ray may be seen in active movement, 
and are functional as organs of locomotion. | 
Abundant in July, 1907 and 1908, “‘ophio- 
pluteus mancus’’ was represented only sparingly 
in 1909, since when its occurrence has been rare. 
Graham Kerr (6) records the common occurrence of 
this species in September in Loch Sween. He 
distinguishes it by the letter C, and appears to have 
some doubt as to its identity with Mortensen’s ophioplu- 
teus mancus. There is, however, no doubt that his, 


: 
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Mortensen’s, and my own figures represent the same 
organism. Speculation as to the adult form of this larva 
is of little value; but I would like to record my impression 
that it will eventually be found to be Ophiopholis 
aculeata. 

The larva of Ophiothria fragilis, figs. 32 to 36, Pl. V, 
is easily recognised by its exceptionally long, straight 
postero-lateral arms, which are banded at intervals with 
black pigment, and persist until the metamorphosis of the 
larva is complete. Owing to the comparative thickness 
and consequent opacity of its body, and to the quantity 
of pigment developed in the tissues, the later stages of 
the development of this larva, and the appearance of the 
primary elements of the skeleton of the adult, were much 
less easily observed than those of ophiopluteus mancus. 
In fig. 38, which is a ventral view of a young pluteus of 
this species, the anterior and posterior coelomic vesicles 
have taken up their respective positions, and the left 
anterior one is about to divide into anterior and posterior 
portions. In fig. 34, also a ventral view, this has taken 
place, and the posterior portion of the left anterior vesicle 
is the hydrocoel. On the right, the posterior vesicle, 
though defined, is still continuous with the anterior one. 
In fig. 35, which should be compared with fig. 29, Pl. IV, 
a stage is represented in which all the primary plates of 
the skeleton are present and occupy their respective 
relative positions in the now clearly defined disc of the 
post-larva. The latter, freed from all traces of the 
pluteus, and having five distinct arms provided with sub- 
terminal claws (fig. 36), was abundant in the plankton 
in late July and early August in the years 1907 and 
1908. In the same months of 1909 this larva was only 
sparingly represented. It was not observed by me in 
July in the three succeeding years, but re-appeared in 
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comparatively small numbers in that month of 1918. In 
1911, it appeared in small numbers at the latter end of 
September ; was more abundant at the same time in 1912; 
and at the corresponding period of 1913 was more abund- 
ant than in the earlier years. Graham Kerr (6) records 
its occurrence “in immense swarms’’ in the waters of 
Loch Sween in September. 

Fig. 37, Pl. VI, represents an ophiopluteus which 
Mortensen (12) doubtfully correlates with Ophiopholis 
aculeata, an Ophiuroid which, owing to its habit of con- 
cealing itself in the cavities of stones, especially those 
bored by Sazzcava, is probably much more abundant in 
the neighbourhood of Port Erin than is generally sup- 
posed. A rather large and conspicuous form, this larva 
came under my notice for the first time in February, 
1912, when a few examples of the younger stages 
appeared in the plankton for a short time only. It again 
appeared in February, 1913, and occurred in fair num- 
bers in most of the plankton gatherings until the end of 
March, when it disappeared without affording me oppor- 
tunities of observing the metamorphosis. 

I have now to describe briefly an ophioniies 
which was first detected in the plankton of Port 
Erin by Gravely, and named by him the “ epauletted ” 
pluteus (fig. 38, Pl. VI). This provisional name 
refers to the four epaulettes formed by the ciliated 
band at the base of the postero-lateral arms, a feature 
so conspicuous as to make the larva easily recog- 
nisable. The ends of all the arms are somewhat club- 
shaped. Noticed for the first time in July, 1907, and 
again recorded in the same month in 1908, its occurrence 
in our local plankton was comparatively rare; and I 
have not observed it since 1909. Graham Kerr (6), on 
the other hand, records its occurrence in “ immense 


Se ee ee 


ee 


Ee ee 


ECHINODERM LARVA. 48] 


numbers ” in the waters of Loch Sween, in the early part 
of August, 1911. * Also, he precedes Gravely and myself 
in recognising its resemblance to Mortensen’s ophio- 
pluteus henseni, as figured in his ‘“ Echinoderm Larvae 
of the Plankton Expedition,” and we agree with him in 
regarding the two as distinct. 

The ophiopluteus represented in figs. 39 to 42, Pl. VI, 
is almost certainly the pluteus paradoxus of Miiller, 
which is correlated by Mortensen (12) with Ophsoglypha 
albida (Forbes), now more correctly known as 
Ophiura albida. It is easily distinguished by its broad 
arms, the postero-lateral ones rather strongly curved, 
and by the cap of ciliated cells—possibly a sense organ— 
which covers the posterior end of the body, and is always 
rendered conspicuous by staining. The only particular in 
which this Port Erin form differs from that figured by 
Mortensen is the absence of the sharp, well-developed 
spines which are represented as projecting at right angles 
from the skeletal rods of the arms. Graham Kerr (6) 
found an ophiopluteus in Loch Sween which he considers 
identical with that figured by Mortensen; but in his 
figure as in mine the skeletal rods are represented as 
spineless. Fig. 40 represents an early stage in the meta- 
morphosis of this larva. The hydrocoel has almost com- 
pletely surrounded the oesophagus. On the left side of 
the body and overlying the large, oval stomach, are five 
rounded elevations, each supported by a crescentic 
terminal plate (#.). These are the rudiments of the five 
arms of the adult Ophiuroid; three being situated dorsally 
and two—indicated by terminals figured in black—ven- 
trally. On the right side the central (en.) and the five 
radials (r/.) are seen. On the left side, anterior to the 
terminals and overlying the hydrocoel, is a small adam- 
bulacral plate (ad.), and on the extreme right is the 
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minute madreporic plate (m.pl.). The post-larva, still 
associated with the remains of the pluteus (fig. 41), and 
after complete separation therefrom (fig. 42), occurred fre- 
quently in the plankton. In the former figure, taken 
from the oral face of the post-larva, only a few of the 
skeletal plates, including the oral halves of the basket- 
like terminals, are represented; in the latter, taken from 
the aboral face, the central, the five radials, and the 
aboral faces of the five terminals are shown. A remark- 
able circumstance in connection with this larva is the 
frequency with which the gut and the coelomic vesicles 
become aborted and disappear. With regard to the time — 
of its occurrence it may be stated that it has always 
appeared along with that of Ophiothrix fragilis and with 
ophiopluteus mancus. It occurred in considerable num- ~ 
bers in July, in the years 1907 and 1908 respectively, but 
was very rarely seen in 1909 and 1910. It reappeared 
in small numbers in September, 1911, was more 
abundant in the same month of 1912, and was abundant 
in July and September, 1918. In all the specimens of this 
pluteus examined in the last-named month, all the 
skeletal rods were traversed by a central canal, as shown 
in fig. 39a. I have seen traces of this in other plutei. 
Mortensen (12) correlates with Ophioglypha textu- 
rata (Lamk.) = Ophiura ciliaris (Linn.) the larva shown — 
in fig. 43, Pl. VII. It may be at once recognised by the 
linear series of perforations and blunt spines which 
ornament the skeletal rods of the postero-lateral arms. 
Compared with the size of the body of the pluteus all the 
arms are rather short and stout, and their skeletal rods 
bear blunt spines. This is one of the less common 
ophioplutei; and I have hitherto seen only one specimen 


in which metamorphosis had begun. It occurred 


sparingly in Port Erin Bay in July and early August, 
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in 1907 and 1908, and reappeared in rather larger num- 
bers in September, 1911 and 1912. It was rare in July 
and September, 1913. Graham Kerr (6) records it from 
Loch Sween, and says it was the least numerous of the 
five ophioplutei found therein. Should Mortensen’s 
correlation of this larva with Ophiura ciliaris be correct, 
it shows that the plutei of two closely allied species such 
as Ophwura ciliaris and O. albida may be dissimilar 
(compare figs. 39, Pl. VI, and 48, Pl. VII). Though by 
no means uncommon in the deeper waters around the 
South end of the Isle of Man, O. ciliaris occurs much less 
frequently in dredgings than its relative O. albida. 

Figs. 44 and 45, Pl. VII, represent an ophiopluteus 
of which only two specimens have hitherto been observed 
in the plankton of Port Erin. The first, from which the 
figures were drawn, was found by Gravely in a tow- 
netting taken on July 22nd, 1909. In spite of careful 
search through a considerable quantity of plankton taken 
during the same month in each succeeding year, no other 
specimen was seen until about the same date in July, 
1913, when, during a short visit to the Port Erin Biolo- 
gical Station, Dr. Mortensen was so fortunate as to find a 
second specimen. After careful examination of this larva 
in the living state, Gravely identified it with the ophio- 
pluteus compressus of Mortensen (12), and with this I 
agree. All the arms are long and slender, the postero- 
lateral ones (pto..a.), banded at intervals with black 
pigment and very slightly incurved at their tips, 
especially so. The three remaining pairs of arms are of 
sub-equal length and nearly straight. The skeletal rods 
of the postero-lateral arms are furnished with minute 
spines. The transverse and end rods of the skeleton are 
reminiscent of those of ophiopluteus paradoxus; and the 
similarity between the two forms is further emphasised 
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by the cap of deeply-staining cells at the posterior apex — 
of the body. A full-grown larva, the specimen captured 
by Mortensen had not entered upon its metamorphosis. 
In Gravely’s specimen all the primary elements of the 
skeleton of the adult are present (fig. 45). Figure 44, 
drawn under a low power, shows the five terminal plates 
(t.), three dorsal and two ventral, which have already 
assumed the characteristic basket-like form of. these 
plates, and project as slight eminences from the general 
surface of the body. Figure 45, drawn under a higher 
power, shows the three of these plates which lie upon the 
dorsal face of the body and are visible in one and the 
same focal plane. The madreporic plate (m.pl.) overlies 
the hydrocoel (Ay.), which has moved some distance for- 
_ ward along the oesophagus preparatory to encircling that 
organ. Qn the right side of the body the central (en.) 
and three of the radial plates (r/.) are shown. 

There remains to be mentioned only one Ophiuroid 
larva; and, owing to the fact that I have seen only two 
or three of the latest stages of the metamorphosis and no 
growing plutei, I cannot describe it in detail. Figure 
46, Pl. VII, was drawn from one of several specimens 
. found in the plankton in December, in which month alone 
this larva has hitherto occurred in successive years. It 
was carefully searched for, but not seen in 1913. In this 
the central, radial and terminal plates have taken up their 
respective positions in the disc of the future Ophiuroid. 
Of the pluteus only the postero-lateral arms remain; but 
the form of the proximal ends of the skeletal rods of these 
and of the posterior and transverse rods is sufficient to 
indicate the specific distinctness of this larva from those 
described above. On one occasion I had the good fortune 
to see the post-larva (fig. 47) free itself from the remains 
of the pluteus and move about actively by means of its 
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tube-feet (¢.f.). Figure 48 represents a young and still 
pelagic Ophiuroid, probably of the same species as the 
ophiopluteus shown in fig. 37, Pl. VI, found in the plank- 
ton on April 19th, 1909. 


LARVAE OF ECHINOIDEA. 


Seven species of Echinoidea are known to occur in 
the L.M.B.C. District; and of these the larvae of five, viz., 
Echinus esculentus, E. miliaris, Echinocyamus pusillus, 
Spatangus purpureus and Hchinocardium cordatum, are 
known with certainty, having been reared from the eg¢e 
by MacBride (10), Théel (15), Krohn (9), and others. 
Gravely and I have recognised the first three, and the 
fifth, in the plankton of Port Erin. Of the remaining 
three larval forms one is well known to me, but not yet 
satisfactorily correlated with its parent species. 

Probably no member of the marine fauna of Port 
Erin is more familiar, alike to the student of Zoology and 
to the casual visitor, than the common sea-urchin, Echinus 
esculentus. The ruined breakwater, the boulder-strewn 
beach at low tide, and the depths beyond low-water mark 
in which the dredge is used, all furnish an abundant 
supply of specimens. In view of this fact the rarity of the 
occurrence of its larva (figs. 49 and 50, Pl. VIII) in 
plankton gatherings is remarkable. My first acquaint- 
ance with this larva was made so long ago as June 28rd, 
1900, when I found a few fully developed plutei in a 
tow-netting remarkable for the variety and interest of the 
larval forms it contained. Since that time I have again 
and again made careful search for it, by using the tow- 
net at the surface, in mid-water, and sunk by means of a 
weight to within a few feet of the bottom, but with only 
a very small measure of success. The breeding season 
of Echinus esculentus occurs in the early spring. In the 
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middle of March, 1918, I had no difficulty in obtaining 
and fertilising an abundant supply of eggs; and, during 
recent years, many workers at the Biological Station have 
had the same success throughout April. It may be men- 
tioned in passing that ripe adults may generally be 
stimulated to emit the genital products from the gonads 
by exposing the tank in which they are kept to direct 
sunlight, or by adding some slightly warmed. sea-water. 
The fully developed echinopluteus stage of the larva of 
Echinus esculentus may be at once recognised by its posses- 
sion of two series of ciliated epaulettes (fig. 49, Pl. VIII, 
a.c.ep. and p.c.ep.) which are charged with reddish-yellow 
pigment. Even at an earlier stage, when the anterior 
epaulettes only have developed (fig. 50), it may be dis- 
tinguished from the larva of E'chinus miliaris by its larger 
size, more rounded form and comparatively longer arms. 

Echnus (or Psammechinus) miliaris is a much less 
abundant species in the neighbourhood of Port Erin than 
Echinus esculentus. Its larva (fig. 51, Pl. VIII), on the 
contrary, has occurred much more frequently in the 
plankton, and was tolerably common in July, 1907, and 
again in 1908. During the same month in the three 
succeeding years, 1909-1911, I did not see a single speci- 
men; but it reappeared in the plankton, along with the 
ophioplutei with which it was associated in the earlier 
years, in September, 1911, and again occurred in the 
same month in 1912 and 1913. The echinopluteus of 
Echinus miliaris is smaller than that of EL. esculentus, and 
its antero-posterior diameter is proportionately shorter. 


The full-grown echinopluteus is, however, most easily 


recognised by having only one series of ciliated epaulettes, 
at the base of each of which is a rounded mass of green 
pigment (fig. 51, gr.p.). Gravely and I collected a large 


series of this larva, in which we were able to follow the 
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progressive stages of the development of the “Echinus 
rudiment” as it is called by MacBride (10), within the 
echinopluteus. In figs. 51, 52, and 53, this rudiment is 
seen as a dark, discoid mass closely applied to the left 
side of the large, sub-globular stomach. At the stage 
shown in fig. 53, the arms of the echinopluteus are already 
shortening; and on the right side of the body a single 
sessile pedicellaria (pd.) has appeared. In the next stage 
figured (fig. 55), the number of pedicellariae has increased 
to three; and in addition to numerous spicular plates 
(sk.p.)—rudiments of the plates of the test of the adult— 
developed on the oral face of the echinus rudiment, a 
number of minute spines (sp.) project from its surface. 
In fig. 54, a stage is shown in which the echinus rudiment 
has assumed the definite, subpentangular form of the 
adult. The peristomial aperture of the future test is 
clearly visible; and the five primary tube-feet (u.t.) are 
present, each with a rudimentary rosette in its terminal 
sucker. No more interesting stage was observed than 
that shown in fig. 56. In this a pair of tube-feet (¢.f.) 
is present in each radius in addition to the unpaired one 
(w.t.) just indicated in fig. 54. In this respect the meta- 
morphosed larva of H. miliaris differs from that of 
E. esculentus, in which only the unpaired one is present. 
At this stage two distinct kinds of spines are easily recog- 
nised. Some are similar to those of the adult, inasmuch 
as they taper gradually from base to bluntly pointed end. 
These are confined to the oral face of the young HKchinus. 
Others are of almost uniform thickness throughout their 
length, and the free end is produced into three or four 
minute points. These are borne upon the convex aboral 
face. The adult mouth (ad.m.) is just discernible at this 
stage, but does not appear to be perforate. Fig. 57, 
Pl. [X, shows an aboral view of a post-larval but still 
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pelagic specimen of this species which was obtained by 
means of a weighted tow-net from near the bottom of 
Port Erin Bay. The rudiments of four of the plates of the 
apical system of the adult test are seen bearing the many- 
pointed spines and sessile pedicellariae. The two larger 


plates have formed around the proximal ends of two of © 


the skeletal rods which supported the arms of the pluteus. 
MacBride (10) says that this strongly convex aboral sur- 
face of the just metamorphosed Echinus becomes the 
periproct of the adult. 

Fig. 58, Pl. IX, agrees so exactly in essential 
details with Mortensen’s (12) figure of the echino- 
pluteus of Echinocardium cordatum that I have little 
hesitation in referring to that species a larva which 
occurred in considerable numbers in the plankton in July 
and August, 1907, and in smaller numbers in the same 
months of 1908.* In spite of careful scrutiny of the 
official tow-nettings, taken twice weekly throughout the 
year, it was not until September, 1913, that I noted its 
reappearance in very small numbers. In 1907 and 1908, 
the stages of metamorphosis, during the progress of which 
a large quantity of deep purple pigment was developed 
in the body of the larva, were abundantly represented ; 
and by using a weighted tow-net a number of post-larvae 
were obtained from near the sandy bottom of the bay, 
one of which is shown in fig. 59. At this stage the five 
primary tube-feet are functional, and by their means the 
tiny animals were observed to creep slowly over the bottom 
of the vessel in which they were kept under observation. 
But perhaps the most interesting feature of this post- 
larva is the presence of five sphaeridia, each one closely 

* MacBride has recently published in the Quart. Journ. Micr. Science, 


Vol. 59, Part 4, Feb., 1914, an account of the external features of the 
development of Hchinocardiwm cordatum. 
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associated in position with one of the primary tube-feet, 
not lodged in any depression or cavity of the test, but 
projecting freely from its surface (fig. 60). 

Spatangus purpureus occurs not uncommonly in the 
deeper waters in the neighbourhood of Port Erin, but I 
have not recognised its larva. Mortensen (13) obtained 
at Plymouth ripe eggs in the latter half of June, and 
was able to rear a number of larvae until they were three 
weeks old. As the breeding seasons of the various marine 
Invertebrates appear to occur in the Irish Sea and the 
English Channel at about the same times of the year 
one would expect to find this larva in the plankton in 
July. ; 

Figs. 61 to 64, Pl. IX, represent four stages in the 
development of a Spatangoid echinopluteus which has 
occurred in abundance in the plankton in the latter part 
of February during the past four years, and again in 
1914. It was abundant throughout March, 1914, and 
numbers of fully developed specimens occurred in 
the plankton about the middle of April. There 
are in the Irish Sea only two known species 
with which this larvae can be correlated, viz., Hchino- 
cardium flavescens and Brissopsis lyrifera, both inhabi- 
tants of moderate depths and apparently somewhat locally 
distributed. On comparing my figures with those of 
Fuchs (2) of the early stages of the pluteus of Echzno- 
cardium cordatum, I find so much similarity in the 
disposition of the skeletal structures of the two forms 
that I think it probable that the former represent stages 
in the development of Hchinocardium flavescens. I have 
not seen a stage later than that shown in fig. 64, and the 
absence of any indication of the development of postero- 
lateral arms shows that even this is an early stage of the 
echinopluteus. In the case of either of the above-named 
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species, both inhabitants of moderate depths, it is remark- 
able that its larva should occur in such large numbers in 
the comparatively shallow waters of a bay lke that of 
Port Erin, where the tidal current of the open sea is but — 
slightly felt; and that the larva of Spatangus purpureus, 
a much larger species, should not have been similarly 
distributed in its own season. j 

The only Spatangoid larva which remains to 
be mentioned is that of Hchinocyamus pusillus, for 
an account of the development of which we are indebted 
to Théel (15). ‘The echinopluteus of this species 
(fig. 65, Pl. IX) is stoutly built, and has arms of 
moderate length. It is easily recognised by the uniform 
fenestration of the skeletal rods of the post-oral and 
postero-dorsal pairs of arms, and by the somewhat com- 
plicated disposition of the body skeleton. Here again in 
Echinocyamus pusilus we have an inhabitant of moderate 
depths which, on account of its small size and dull green 
colour may be overlooked in the contents of the dredge; 
but which, judging from the number of its dead and 
denuded tests in a bottom deposit which occurs within a 
short distance of the Calf of Man, is probably not uncom- 
- mon in the neighbourhood of Port Erin. Its larva, how- 
ever, has rarely occurred in the plankton. A small 
number of fully developed echinoplutei were collected by 
Gravely and myself by means of a weighted tow-net in 
July and early August, 1907, and I have since seen an 
occasional specimen in surface tow-nettings on various 
dates during the autumnal months, the last being 
November Ist, 1913. 


LARVAE OF HoLOTHUROIDEA. 


The occurrence of larvae of Holothuroidea in the | 
plankton of Port Erin Bay has been of remarkable rarity 
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throughout the whole period of my observations. At 
least six species of Holothuroidea occur in the neighbour- 
hood; and a storm of exceptional violence, which occurred 
in February, 1902, afforded evidence of the abundance 
of Synapta digitata at a depth within reach of the action 
of the waves, by casting up a very large number of speci- 
mens on the beach. This habitat has not been discovered ; 
nor does it appear to have been again disturbed by wave 
action during subsequent storms. The larva of this 
species is the only local one which has been identified. A 
small number of specimens of the auricularia (text-fig. 1) 
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and pupa (text-fig. 2) stages were taken by Gravely and 
myself in July, 1907, and several in the same month of 
1908. Synapta inhaerens used to occur in muddy gravel 
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between tide marks in Port Erin Bay, but has not been 
found by me during the past 16 years. 
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Text-fig. 3 represents an interesting stage of the 
development of a species other than Synapta, in which 
the simple, digitiform tentacles are beginning to 
protrude from the anterior end of the pupa, and the rudi- 
ments of the circumoesophageal calcareous ring are 
formed. This larva also was taken in July, 1908. 
There is also in Port Erin Bay a post-larval stage, still 
unidentified, which has been seen several times in 
December during the past few years. 
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EXPLANATION OF PLATES. 


REFERENCE LETTERS. 


a, c. ep.=Ant. cil. epaulette. 
ad, = Adambulacral plate. 
ad, m. = Adult mouth. 

a, l, a. = Antero-lateral arm. 
an, = Anus, 

a. p.= Apical plate. 

arc, = Archenteron, 


bl. = Blastopore. 
b. t. = Buccal tentacles. 


c.b, =Ciliated band. 

c.c=Ciliated cells. 

cl. c, r.=Cireum-oesoph. calcar. ring. 
cl. w.=Calcareous wheels. 

cn. =Central plate. 


dc. = Disc of adult. 
d. f.=Disc for fixation. 


ech. = Echinus rudiment. 
ep. = Kpaulettes. 


gr. p.=Green pigment. 


hd. g.=Hind gut. 
hy. = Hydrocoel. 


int. = Intestine. 


l. a. c.=Left anter. coelom, 
l. c.=Left coelom. 

l. l. a. =Left larval arm. 
l.p.c. =Left poster. coelom. 


m, = Mouth. 

md. g. = Mid-gut. 

mes. = Mesenchyme. 

m.f.= Muscular fibres. 

m. p.=Madreporic pore. 
m. ‘pl, = Madreporic plate. — 


oes. = Oesophagus, 


p. a.=Papillae for temp. fixation. 
p. c.=Pore canal. 

p. c. ep. = Poster. ciliated epaulette. 
pd. =Pedicellaria. 

pl. v.=Polian vesicle. 

pr. 0. a. =Pre-oral arm, 

pr. o. l,=Pre-oral lobe. 

pto. d. a. = Postero-dorsal arm, 

pt. o. a.= Post-oral arm. 

pto, l, a, = Postero-lateral arm. 


r, a. c. = Right anter. coelom, © 
r. c.=Right coelom, 

rl, = Radial plate. 

r. l. a.=Right larval arm. 

r. p. c.=Right poster. coelom, 
r. w. v.= Radial water vessel. _ 


sk. p.=Skeletal plates, 


sk. r.=Skeletal rods. 

sk, rs. =Skeletal rosette. 

sp. = Spine. 

sph. =Sphaeridium. 

st. =Stomach, 

std, =Stomodoeal invagination 


ten. = Tentacles, 
t. f. = Tube-feet. 
tl. = Terminal plate. 


u. ab, p. = Unpaired aboral process. 
u. t.= Unpaired tube-foot or tentacle. 


yl. p.= Yellow pigment, 


. 
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Pruate I. 


Figs. 1 to 9. Stages of development of Asterzas rubens. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 
Fig. 


Fig. 


Fig. 
Fig. 


Fig. 


A; 


13. 


Optical section of blastula. 

Optical section of early gastrula. 

Optical section of later gastrula. 

Ventral view of an early bipinnaria. 

Shghtly diagrammatic optical section of 
bipinnaria of about the same age. 

Ventral view of an older bipinnaria. 

View from the left side of a bipinnaria of about 
the same age. 

Ventral view of a fully-formed bipinnaria. 

Dorsal view of a still older bipinnaria. 

Ventral view of bipinnaria of Asterias glacialts. 
(Compare with fig. 9). 

Puate II. 

Bipinnaria of Luidia ciliaris, viewed from the 
left side. 

Ventral view of a slightly older bipinnaria of 
same. 

Brachiolaria of an Asterid not yet identified, 


undergoing metamorphosis. Viewed from 
the left side. 


Figs. 14 to 18. Stages of the development of Solaster 


Fig. 
Fig. 
Fig. 
Fig. 


Fig. 


7] 


Ip, 
16. 
if. 
18. 


ry. 


endeca (?). 

Young larva, viewed from the right side. 

Older larva, viewed from the left side. 

Still older larva, in which the larval arms are 
fully developed. 

Oral view of a larva towards the end of the free- 
swimming stage. 

Larva of (?) Solaster sp., viewed from the right 
side. 
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Puate III. 
Ventral view of a full-grown ophiopingem 
mancus. 
Young specimen of the same. The coelomic 
vesicles in optical section. 
Ventral view of slightly older ophiopluteus. 
Ventral view of a still older ophiopluteus. 
Ventral view of a still older ophiopluteus in 
an early stage of metamorphosis. — 


Ventral view of an ophiopluteus in which meta- 
morphosis is just beginning. 


PLATE IV. 3 


Ventral view of a metamorphosing ophiopluteus 
mancus. Only three lobes of the hydrocoel 
can be discerned in this specimen. 

Ventral view of a slightly older specimen, with 
the hydrocoel as in fig. 26. For ad. in this 
figure read m.pl. 

Ventral view of a metamor pheeae ophio- | 
pluteus mancus. 

Dorsal view of an ophiopluteus mancus in 
which metamorphosis is well advanced. 
Dorsal view of an ophiopluteus mancus in which 

metamorphosis is nearly complete. 

Dorsal view of a post-larva, freed from the 
pluteus, but still pelagic. 


PuateE V. 

Ventral view of a full-grown ophiopluteus of 
Ophiothria fragilis. 

Posterior portion of the skeleton of the same. 

Ventral view of a young ophiopluteus of 
Ophiothria fragilis. 

Ventral view of a slightly older ophiopluteus of 
Ophiothria fragilis. 

Dorsal view of an ophiopluteus of Ophiothri« 
fragilis. (Compare with fig. 29). 


Post-larval but still pelagic Ophiothriz 
fragilis. From an unstained preparation. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 


OT. 


aoe 
38. 


38A. 


39. 


OOA. 
40). 


41. 


42. 


ig. 43. 


. 403A. 
. 44, 
. 444. 
. 45. 
. 46. 


. 464. 
fat. 
. 48. 
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Prats VI. 


Ventral view of the ophiopluteus doubtfully 
correlated by Mortensen with Ophiopholis 
aculeata. 

Posterior portion of the skeleton of the same. 

Ventral view of an ‘“‘epauletted’’ ophio- 
pluteus. 

Posterior portion of the skeleton of the same. 

Ventral view of a pluteus paradoxus, Mill., 
correlated by Mortensen with Ophioglypha 
albida (Forbes). 

Posterior portion of the skeleton of the same. 

Dorsal view of a metamorphosing pluteus 
paradoxus. 

Oral view of a post-larval Ophiura albida, 

_ Forbes. 

Post-larva of the same. From an unstained 
preparation. 


Pruate VII. 


Ventral view of the ophiopluteus correlated by 
Mortensen with Ophiura ciliaris (Linn.). 
Posterior portion of the skeleton of the same. 

Dorsal view of an ophiopluteus compressus. 

Posterior portion of the skeleton of the same. 

The same specimen more highly magnified. 

An unidentified ophiopluteus, in which meta- 
morphosis is nearly complete. 

Posterior portion of the skeleton of the same. 

Pelagic post-larva of the same. 

Pelagic post-larva not yet identified. 
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Prate VIII. 


_Echinopluteus of Echinus esculentus, four weeks 


old. After MacBride. | 


Kchinopluteus of Echinus esculentus, three 
weeks old. After MacBride. 


Kchinopluteus of Hchinus milzaris three weeks 


old. After MacBride. 


Body of echinopluteus of Hchinus miliaris, 
viewed from the left side. : 

Ventral view of an echinopluteus of Hehinus 
muliaris. . 

An older echinopluteus of the same, viewed 


from the left side. 


Ventral view of a still older echinopluteus of 
the same. 


Metamorphosing echinopluteus of Hchinus 
miliaris, viewed from the left side. 


Puate IX. 


Aboral view of a post-larva of Hchinus miliaris. 


Ventral view of a full-grown echinopluteus of 
Echinocardium cordatum, 


Side view of a post-larva of the same. ~ 


Oro-lateral view of a post-larva of the same. 
The spines are omitted. 


Figs. 61 to 64. Four stages of an unidentified Spatangoid 


echinopluteus. 


Fig. 65. Dorsal view of the echinopluteus of Echino- | 


cyamus pusdlus. 
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